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KN F.ti'rUU^'^ L.'^ MANUFACTURING COMPANT kad been in Ihp msnnfiietiirlng baal- 

ai re 1859, Knd sioce 1863 in making pumping inacliincry and building water 
works! It has bt-en foremuHt in adopting niid bringing out valnnble i m pro v emeu l«, 
xnd OD tbrex ocoisions made Bucb departures Trom old lines in pumping eoglnes as 
involved a complete abaudoument or plans and {Atterns vliicli had cost teti!^ of thou- 
Kanda n( dollara, to take up a new and better macbine. Tbla Bpirit of enterprise bas 
been well rewarded witb success. From a small beginning, with o cash capital of 
$30,00<) and a few bands, it has grown to bave (800,000 capital and aurplua. and more 
iban live hundred men on its weekly pay-roll, all excluaively devoted to pamping 
machinery for water works. 

The latest departure woi; made in 1882, when the then well-known and higlily- 
Hpproved Holly Ijaadraplei Compound Condensing Pumping Engine was abandoned 
for the present famons Uaekill Pumping Engine. 

Tlie inconipregsibility of water renders it necessary, in order lo secure the best 
results in operating reefprocating pnmps, to run them at a compamliTely low rate of 
speed, while the expansive quality of steam admits nf a high velocity, whi'^b ih the 
riiont economical In reciprocating engines. In the application of steam to paniping 
water, the qnestion, how to harmonize these opposite conditions, has been tbe aubjec.t 
of much study, many theories and numerous practical experiments, until it is dow 
almost universill; admitted that the compannd steam engine is the most satisfactory 
method. 

Several types and various designs of comjiound pumping engines have been pro. 
duced during tbe past thirty years by scientific and practical engineers, some of which 
have peculiar merits of greater or less utility and others imporlaut features of 
undoubted practical value. A few were complicated in their mechanism, elaborate in 
design, costly In construction, expensive Id maintenance, but showing high ecouomy in 
the use of steam. Others were simple and cheap, but not so economical in the use of 
steam, which it was claimed would, considering first cost, interest on tlie money 
invested and expense of repairs, be the cheapest in the end. 

In designing the pumping engine herein described, Mr. Gaskill had in view tho 
prnduetion of one which would combine simplicity of construction, low Rrst cost, with 
high economy in steam. The following pages show conclusively that be met wUll 
signal success. 

The Qaskill Horizontal Pumping Engine was Grsl introduced at the 8aratogit 
Springs. New York. Water Works, by The Holly Manufacturing Company under i 
contract with the Water Commissioners which specided that "Said pumping engioa 
" shall have a pumping capacity to deliver four million United States gallons uf wateTi 
" ki twenty. four hours against eighty pounds domestic pressure to the square inch ■ 
" eighteen revolutions per minute, and guarantee that said engine can he ruB at thirty 
" revolutions per minute witii p fe sa y sa d pumping engine shall with safety ta 
" all its parts carry a Bre pressu of ne 1 n ed and forty pounds i 
"and develop a duly e<|ual to ra ng e ^ y million pounds of water one foot higb 
" with one hundred pounds of bes coal onsumed. and an average daily duty o 
" five million foot-pouuds with good mer a ah e authracite coal. rsBsonahly free troia' 
" dirt and slate." 

Tbe results oF the two separa e a s on conducted by .1. W, Hill. M. E., and Prnf. 
D. H. Greene; the other by Prof. Chaa. T. Porter; and the dally record of operatlof; 
• ■*C .''e^JAeV^' Q>k«i^; ''■ Holland and Ueorge F. Bacon, all of which are puiillshed I 
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ILPj^TN r ..rW^^^tfmLY MANUFACTURTNH CX)MPANV has been in the manufacturing biui- 
_ B l'^\il nelg sli ce 1859. and since 1863 in making pumping machinery and building water 
works. Tt has been foremost in adopting and bringing out valuable impiovements, 
and on tiiree occasions made such departures from old lines in pumping engines as 
involved a complete abandonment of plans and patterns vliich had cost tens of thou- 
sands of dollars, to take up a new and better machine. This spirit of enterprise has 
lieen well rewarded witii success. From a small beginning, with a cash capital of 
$30,0(K) and a few hands, it has grown to have fSOO.OOO capital and surplna, and more 
than five hundred men on its weekly pay-roll, all exclusively devoted to pumping 
machinery for water works. 

Tlie latest departure was made in 1882, when the then well-known and hlghly- 
np})roved IloUy Quadruplex Compound Condensing Pumping Engine was abandoned 
for the present famous Gaskill Pumping Engine. 

The inconipressibility of water renders it necessary, in order to secure the beat 
results in operating reciprocating ])umps, to run them at a comparatively low rate of 
HfH'od, while the expansive quality of steam admits of a high velocity, which. is the 
most economical in reciprocating engines. In the application of steam to pumping 
water, the question, how to harmonize these opposite conditions, has been the subject 
r)f much study, many theories and numerous practical experiments, until it is now 
almost universally admitted that the compound steam engine is the most Batiafactory 
method. 

Several types and various designs of com(>ound pumping engines have been pro- 
duced during the past thirty years by scientific and practical engineers, some of which 
have peculiar merits of greater or less utility and others important featnrea of 
undoultted practical value. A few were complicated in their mechanism, elaborate in 
design, costly in construction, expensive in maintenance, but showing high economy in 
the use of steam. Others were simple and cheap, but not so economical in the use of 
steam, which it was claimed would, considering first cost, interest on the money 
invested and expense of repairs, be the cheapest in the end. 

In designing the pumping engine herein described, Mr. Gaskill had in view the 
proiiuction of one whicli would combine simplicity of construction, low first cost, with 
high economy in steam. The following pages show conclusively that he met with 
signal success. 

The Oaskill Horizontal Pumping Engine was first introduced at the Saratoga 
Springs, New York. Water Works, by The Holly Manufacturing Company under a 
contract witli the Water Commissioners which specified that "Said pumping engine 
"shall have a pumping capacity to deliver four million United States gallons of water 
" ill twenty.four hours against eighty pounds domestic pressure to the square inch at 
" ei;:lileeu revolutions per minute, and guarantee that said engine can be run at thirty 
" revolutions per minute with perfect safety; said pumping engine shall with safety to 
•• all its parts carry a fire pressure of (»ne humlred and forty pounds to the square inch, 
•' and develop a duty ei|ual to raising eighty million pounds of water one foot high 
•' with one hundred pounds of best coal consumed, and an average daily duty of sixty- 
■ livi' million footpounds with good merchantable anthracite coal, reasonably free from 

"dirt and hlate." 

The results of the two :>eparate trials, one conducted by J. W. Hill, M. E., and Prof. 
I) M (jr le; the oiiinr by Prof. Chas. T. Porter; and the daily record of operaUng 
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DEBCKIPTIOK nr THK nASKII.r. ITMI'ING ENQINS. 



DESCRIPTION OF THE OASKfLl, PirMPrSQ BNHINE. 

On a hcBT7 iron bed plnte are mounted two iminpa. und in dlroct line therewith two 
tnw-|ire!>sure ilpam cflitHlerH (Bee follovrin^ [ilates. Iig!i. 1, 3 sad 3|, willi Ihe piaUin 
rodB of the low-prnasure sikkiu erllodere Kqriuectrd to the pislon rods of the pumpa. 
Belweeti the purupa and Hteam cylioderH are [>lBci.>d twn benm Happorte (Rgs, 4, S and 0), 
which are finnly boiled to the bed plate and rigidly Htnjed by wrought>irnn atmlH to 
lh» piini[is >ud steam c^tindere. These beam supiiorts carry thii beam aiiafts and 
lieams ifi^. 7, H and U), the lower eod of the ialter bein^^ connected to the cross beads 
(i( the low pressure cylinders by means of links. On lop of the pumps are placed the 
main shaft liearinKS, which support the main ahuFl, a fly-wheel and two cranks, lbs 
latter lieiag keyed to the shaft at right nDRles to each other. On top uf the Inw- 
pressure steam cylinders are mounted two high- pri' us ore steam cylinders, with Ihelr 
ceDler« iu the same horizontal plane as the center of the main crauk shart. Two crass 
hfads (RgB. 10. II, IS and 18). for the high-pres8ur>> steam cylinders are connected bj 
means of links to the upper ends of tbe beatiiH, and ilie bpamn are in turn connected by 
mmuH of connecting rods to two crank piiis, Fmm ilie liigli. pressure steam cylinders 
heavy cast-iron girders extend to the main sbnfl bearings or pillow blocks. On ths 
inner end of each of the beam centers an ana is keyed from which the air pumps are 
ilriTcn. The valves of Ibe steam cylinders are opemted by means of eccentrics (ligs. 
lr< and 111) keyed on twn shaft.'', which are at right angles with and driven by the main 
shaft through email bevel gears. The adtiiisBion valves lo the high pressure steam 
ryliuders are of the double beat puppet pattern, so arranjied (figs, 18 and 19) aH to open 
at the proper time and to close at any desired point of the stroke. The exhaust valves 
from the hi gh-prci.su re cyliudprs svtve also ss ndmissinn valves lo the low-preesara 
cylinders, are of the ordinary Bllde-valve type, and so wt as lo remain open somewhat 
less time than is required to make a coinplcle stroke. The eihauRt valves from the 
low-pressure cylinders are also plain slide valves, operating in the same manner as the 
high-pressure eihaust valves. 

The plnngers are arranged to work ihrough glands In the center of the putups, and 
am Bcceneibte from the covers at the ends of the pump cylinders. The pump valves 
•fif placed on horizontal piatea heluw and above Ibe line of plaDger travel. The glands 
divide the valves of one end of ihe pump from those of the other end, at the center of 
the valve plates. 

The operation o( the machine is as follows 

Lei it be andrrttoad (I) l/ial tAi> iirrniigement conHitutai too dutincl piimj-ing ciigi'ia 
tfupUd lojether through the ei-ank i/tn/l; (!) l/uit the Ue" engiiifii are u*iuiHy ^irkr-d to- 
gflAer.bul (3) t/tat either engine lany be unempUd and operated independenlly of Ihe other. 

Steam is admitted through the automatic catolT valves into the high-pressure steam 
cylinders, urging the pistons forward undi^r full boiler pressure until the point of cut- 
off is reached. The admission valves then close and the remaining portion of the stroke 
hi Bccam|ilished by the ei|iansive force of ilie ateaju. When the pistons have nearly 
reached the end of their stroke, the exhaust valves between the high and low-pressure 
cjllndcTs open and the steam remaining In the high-presauro cylinders passes immedi- 
ately into the low. pressure cylinders and against their pistaus, which am then at the 
end of their stroke BU<1 opposite the high-pressure pistons. The low-pressure pistons 
are then in turn urged forward by the Incoming steam, which is expanded to four tin 
the volonre it bed In the high pressure cylinders al the time of Its release therefrom. 
The release of steam from the low-pcessura cylinders is accomplished in the return 
stroke by means of the exhaasl vslvea. This operation is repeated by each engine and , 



DBSCRIFTIOH OF THE GABKJT.L rUUPING EKGIME. 

■[ each «Dd alCernatel;. The close conaeelloD between eacli pair of liigh and low- 
ItiesBure cj'liDders reduces the clearaoce spaces to a, minimuni, which with [horoui;b 
jacketing Insures tho moat economical use of ateam. 

This engine Is alao built to operate aa a, non-compound engine, in which case the 
upper or high pressure cjlinders and connections are omitted, and the lower Bteam 
cylinders provided with automatic cut-oH valves. Steam Is admitted to these oylinders 
direct from the boiler and exhausted into the condeasar. This mode o( construction 
reduces the cost and may be preferred by cities and villages where cheapness of fuel 
renders the price of the machine a matter to he considered rather than the anuual 
saving of aleani— although when constructed in this way s duty of 70,000,000 foot- 
pounds of work can be obtained from 100 pounds of coal. 

The more valuable features and peculiar merits of the Qa&hill Pumping Engine are 
im follows : 

PVVri. High Fukl Economt— This ih shown in the following reports of duty triaissnd 
the dsity record at the Saratoga pumping station, published in another part of this book, 

Sftond. HODKRATK FiusT Cost— The Grst cost ia somewhat higher than that of 
direct-acting pumps, but this dilference is many timee couiiterhul anted by the efficiency 
of the service performed, by decreased coal consumption, immunity from accidents anti 
expense of repairs. 

TliiTd. Low PiBTON gi-BSD — The high duties heretofore oiitaiued hy other engines 
liave been largely due to high speeds and high steam pressures ; tbe results reached b; 
the < iaaktil Engine have been obtained at moderate speeds and low pressures of steam. 

Fourth. Simplicity op DsaiiiN — Au engine combining the features of compound- 
ing, automatic cut-off, crank and liy-whuel and approaching this in simplicity has never 
before tieen denigned. 

Fifth, A<x:EB8niiUTS of Parts— Tbe entire machine, eicepting air pumps and 
condensera, is placed on the line of the engine-room floor bo that all parts are easy of 
access — especially the pumps which reqnire no scaffolding sJid are provided with hand 
and man-holes for convenience in getting at the interior. 

Sixth, PsHrECT Strau Disthibutioh — The high and low-pressure cylinders have 
short coDoecting ports and all admission and eihauei valvee are placed close to the 
cylinders so that the clearance or waste spaces are reduced to the minimum. This 
feature contributes in a large measure to the high fuel economy obtained. 

Bevaith Pbhfbct Pcmp Action — The pump valves are small, have a lift of only 
five- sixteenth a of an inch, and are noiseless in their action (see Sg. 20), The slight 
lift prevents lost action on the reversal of the pump plunger. The number of valves 
in each pump is proportioned to the quantity of water designed to pass through them 
so that the loss by friction is inappreciable. The pumps are so arranged aa to avoid 
abrupt changes of direction of the water* and all passages are of ample size. 

Eighth Uniform Length of STROKt: — The motion of the pistons aud plungers 
being controlled by a crank and fly-wheel the strokes are always of the same length, 
and uu loss of action in the pump or waste of steam in the steam cylinders can occur 
from shortage ot stroke as is the case in all direct-acting pumping enginea. 

JVtnfA. TuoROnau 3tkau J.ickbtino — The ateam cylinders are thoroii),'hly atsaui 
jacketed both on heads and sides, which Is essential to economy of steam. 

The correctness of tbe foregoing statements are fully verided by practical experi- 
ence, with tbe following list of engines in use and the accompanying reports. 

Since this engine was designed, one hundred and forty -one have been sold, ranging 
in capacity from one ujiliion to twenty million gallons, with an aggregate cupadty of 
over thirteen hundred million gallons (ugaiust one hundred feet head) daily, and tho 
Company bas been compelled to largely increase its facilities for their manufacture. 
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Sectional Elevation of Steam CrtiNOEFis 

Showinq Valve Motion. 

Fig. la. 



Cut-Off Eccentaic ano 
Fig. IB. 



GASKILL PUMl. 




Sectional Elev*tiom of "Thoy" Pump Valve. 
Full Size. 
Fig. 20. 
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LIST OF ENOINER BUILT. 



I UST OF ENOISE8 BUILT BY THE HOLLY MANUFACTURINO COMPANY, OP 
THE OASKILL CRANE AST) PLY-WHEEL TYPE, SINCE ISHH, 

Placb. Capiciti. 

83. Han Diego. CrI 3,000.000 

"1. Beatrice, Neb 1,500,000 

I. Betttrice, Neb I,SOU,0(W 

>. Strealor, lU 1,500,000 

I, Streator, lU l^OO.OW 

'. DenlBon, Teion 

(, Den bon, Texas i ... 

1. BnyCity, Hieli 5,000,000 

I. BeTerly. Man 3,000,000 

.Beverlf,Man 3,000,000 

!. Limn. Ohio. 8,000,000 

1. Lima, Ohio 8,000,000 

I. Erie, Fa £.000,000 

i. Scbenecfdy, N, Y 8,000,000 

64t. Boston. Uara 8,000,000 

. BMbm, Mass 8,000,000 

6B. PhUadelphia, Pa !iO,(IOO,OOI> 

). JoHet, lU 8,000,000 

). Topeka, Kan. 4,000,000 

. Mobile, Ala 0,000,000 

7a Mobile. Ala 0,000,000 

i. Cityot Lake View, III ia,UDO,00O 

I. Boffaio, N.T •m.tm.aaii 

i. Cberter, Pa 4,000,000 

1. Cheeter, Pa 4,000,000 

r. Omaha, Neb H.000,000 

4. Ban Diego, Cal 8,00IJ,0DD 

\ BvanEtoD.Ill 9,n00,OiW 

J. Town of Uke, lU 1S,000,UUIJ 

I, HutchinMn, Kan... 1,500,000 

>. Washington, D, C ... a,«»,OOU 

!. Washington, D. C 9,MU,00U 

I. Port Huron, Hiob 5,000,000 

■>. KaDsu City. Ho B,0OU,000 

1. Dallas, Texas 8,000.000 

r. La Salle, 111 2.000,000 

sa Portland, Ore...- 1,JS00,000 

I Buffalo, N. Y 80,000,000 

). ColambuB, Ind 3,000,000 

I. Saratoga Hpringi, N. Y S,OUO,O0O 

i. SpringUeld, Ohio 5,000.000 

I. Olean, N. Y 8,000,000 

W. Dayton, Ohio 10,0Oli,0U0 

^ Urbanii, Ohio , 8,000,000 

96. Branttord, Canada 8,000,000 

97. MankBU, Minn 1,500,000 

88. Wichita, Kan 5,000.000 

9». Bast »BKii»«r. Micb 13,000,000 

100. Sonth Denver, Colo 8,000.000 

lOL Pueblo, Colo 6.600.I1U0 

103, Pueblo, Colo 6,600,000 



I. Saratoga Springs, N. Y 5,000.0(1 

a. D«Moines, la ."i.OOO.OO 

i. Bait Orange. N. J 1.500.011 

1. Frederictou. N. B 1,600,00 

). Adrian, Micb 1.600,011 

S. Adrian. Mich I.SOO.Ofl 

t. Auburn, N.Y 7,500,0(1 

S. Brockrille, Ont 1,500,00 

J, ColumbuB. Ohio ., lu.000,00 

). Doylestown, Pa 1,500,00 

I. Flint, Mich... 130,00 

i. Flint, Mich I,500,{IC 

i. OmBfaa, Neb r..0OO,OC 

I. Balina, Kan. 1,500,00 

i, West Bay City. Mich 1,500,00 

S. West Bay City. Mich 1,500,00 

J. Ashland, Wis 1,500,00 

8. BurtlDgton, N. J 1,500,00 

». Oainesvllle, Texas 1,500,00 

). Kansas City, Mo ,. 4.000,0(1 

I. Lexington, Ky 1,500,00 

a. Lexington.Ey 1,500,00 

3. OihkMb, Wis 4,000,00 

1. Oshko^ Wis 4,000,00 

i. Rockford.111 3,000,00 

i. Saginaw City, Hirb 4,000,00 

r. BloniCltj, lo 8,000,00 

1 Sioux aty. la 3,000,00 

*. Ashland, Wis 1,600,00 

). Austin, Tex . S.OOO.OU 

i. Albuquerque. N. M .1,01)0.00 

S. Brockville, Onl Iji00,00 

J. BuITato, N. Y 15,000,00 

1. Burlington, la 3,000,00 

i. BatavlB,N.Y 1,500,00 

L Fond du Lac, Wis 3,000,00 

I. Pond du I.*p, Wis 3,000,00 

). Jackson, Mich... 4,000,00 

). Leavenworth, Kas 5,000,00 

). Korfolk, Va 8,000,00 

1. Korfolk, Va 5,000,00 

i. [Uobmond,Ind 4,000,00 

I. Tiffin, Ohio 8,000,00 

I. Wausau, Wis 3,000,00 

>. Wausan, Wis 8,000,00 

I. Chicago, 111 , 13,000,00 

r. Chicago, 111 13,000,00 

J. Valparaiso, Ind 1,500,00 

(. Hyde Park, 111 13,000,00 

I, Tonswanda. N.Y 3,000,00 

L. Tonawanda, N. Y 8,000.00 
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LIST OF KN<JINKS BUILT. 



Place. 

103. Schenectady, N. Y 

104. Indianapolis, Ind 

105. Bucyrus, Ohio 

106. Portland, Ore 

107. Binghamton, N. Y 

108. Omaha, Neb 

109. Anniston, Ala 

110. Anniston, Ala 

111. Denver, Colo 

112. Denver, Colo. 

118. Kalamazoo, Mich 

114. Terre Haute, Ind 

115. Covington, Ky 

116. Covington, Ky 

117. Emporia, Kan 

118. Nor;ol]f, Va 

119. Fresno, Cal 

120. West New Brighton, N. Y.. . . 

121. Galesburg, III 

122. GalesburfcS lU 

Total capacity (nominal) ... . 
Total capacity (100 feet head) 



Capacity. 

5,000,000 
12,000,000 

1,5< 0,000 
12,000,000 
12,000,000 

3,000,000 

a,ooo,ooo 

3,000,000 
«,000,000 
6,000,000 
3,000,000 
6,000,000 
5,000,000 
5,000,000 
3,000,000 
7,000,000 
4,U00,000 
5,000,000 
1,5(0,000 
I, .500, 000 



Plaob. Capacity. 

123. Marquette, Mich 3,000,000 

124. St. Joseph, Mo 6.000,000 

125. Rockford, III 6,000,000 

126. Duluth, Minn 5,000,000 

127. Taunton, Mass 4,000,000 

128. East St. Louis, 111 6,000,000 

129. Portland, Ore 2,500,000 

130. Batavia, N. Y 2,500,000 

131. Cheyenne, Wyo 8,000,000 

182. Burlington, Iowa 6,000,000 

138. Cincinnati, Ohio 6,000,000 

134. Cincinnati, Ohio 6,000.000 

135. World's Columbian Exposition 12,000,000 
13C. World's Columbian Exposition 12,000,000 
187. Atlanta, Ga 10,000,000 

138. Atlanta, (>a 10,000,000 

139. Atlanta, Ga 10,00i»,000 

140. WUkesbarre, Pa 5,000,000 

141. Buflfalo, N. Y 20,000,000 



. 702,000,000 gallons daUy. 
1,400,150,000 gallons daily. 



The Holly Manufacturing Company has in the course of its business built 
Pumping Engines of different types as follows, making in all 400 
Pumping Engines of a total nominal capacity of 1,256,120,000 gallons 
daily; Average per Engine, 3.140,400 gallons; Average Head. 185 1-2 
feet. Total daily capacity, 100 feet head. 2.330,102,600 gallons. 



ALABAMA. 
Name of Placb. Sttlk of Machinbrt. 

Anniston Goskill Horizontal 

Anniston Ga.skill Horizontal . . . 

Mobile Gaskill Horizontal . . . 

Mobile Gaskill Horizontal . . . 



CALIFORNIA. 

Fresno Gaskill Horizontal 

Fresno Gaskill Duplex 

Sacramento Holly Quadruplex 

San Diego Gaskill Horizontal 

San Diego Gaskill Horizontal 

COLORADO. 

Colorado Springs Holly Quadruplex 

Denver . . . '. Gaskill Water Power 

Denver Gaskill Water Power 

Denver Gaskill Water Power 

Denver Holly 

Denver Gaskill Horizontal 

Denver Gaskill Horizontal 

Denver Gaskill Steam Power Engine . 

Denver Gaskill Duplex 

Fort Collins Ga.skill Water Power 

Fort Collins Gaskill Water Power 



Capaoitt. 
3,000,000 
3,000,000 
6,000,000 
6,0(^,000 

4,000,000 
1,000,000 
3,000,000 
2,000,000 
3,000,000 



1,000,000 
2,000,000 
2,000,000 
5,000,000 
2,000,000 
6,000,000 
6,000,000 

4,000,000 
760,000 
750,000 



V PLIOI. Btll.> IW Kacbinbbt. 

Holly Qu&dniplax 

GaridUDoplei 

QaBkiIIDu[du . 

Holly Qu«drupl«x 

PooUo QmUU HoritoataJ 

Fiafalo OttdUU Horiaonta] 

VnMo QMkill Horiiontal 

, Holly Quadmplex 

fiouUiDMiver Qaakill Horisinbd 

DAKOTA. 

VVSO Hully Quadruplex 

Vmrgo Oiskill Duplex 

Fort Y«tM OtiakiU Duplex 

DELAWARE. 

Gaskill Duplex 

GMkillDuplei 

GftrfiUl Duplex 

DISTRICT OF COLDUBIA. 

Wortiington Gaski]] HnrizonlBl 

WaahliiKtuu Qaskia HoHmnUl 



C*MtlTY. 

1,300,000 
1,l»U,tK» 
700,000 
l,BOa,UOU 
1,500,000 
B,5D0,000 
5,900,000 
1,500,000 

a/xio,ooo 



OEOROIA. 

Holly goadruplex . . . . : ... 8,000,000 

Holly guadrnplex .,. 4,000,000 

Qoakill Horittnital lO.OOO.OOO 

GMklll Hortaontal 10.000,000 

QaBkill HoriKmtnl lO.OOO.OUl 

ILLINUI8. 

Uoskill Horizontal 13,000,000 

Gtuihill Horizcoitcd 13.000,000 

Gaakill HorieonUl I^OSO.OOU 

GoaklU HarinuiUil I3,000,00u 

Holly Qaadruplex 1,000,000 

Otukitl Horizontal. . S.OuO.OOO 

HoUy Qiwdniplei 2,000.0C 



QalsBbarK... 
emlaaburg.., 
Byde Park . . 
Hyde Park . . 

Joltel 

XakaVtew.. 



JfoConnick Harvester Company, I 

Chlooeo, 111 ( 

IfOCormliJi Harvester Coiupanv, t 

chiowo. Ill :. ( 



Habon Knitting Company , , 



Oaikill Horiiontal.. 
Oaakill Horizontal. . 
Gazkill Horizontal.. 
Holly Quadruplex -- 
Qaibill Horizontal. 
Gazkill Horizontal . . 
Gaslull Horizontal. 
Gadtill Horizontal . 
Holly Quadruplex . 

UaakUl Duplex 

Gndlill Duplex 

Oasklll Duplex 



G,000,OOD 
1,900,000 
1, 500,000 
3,000,000 

19,000,000 
3,000,000 

18,000,000 
3,000,000 
790,000 
1,800,000 



, 1.000,000 

Oaakill Water Power 1,360,1)00 

HoUy Quadruplex. .. 8,000,000 

Holly Quaiiniplex 8,0*1,000 

Holly Quudraplux 8,U0O,OOU 

tlskkill Horizoulal . H.OOO.UOit 



J 



» LIST OF ENIilN'KS BUILT. 

KAn or Placi, Stru or HiCBniniT. CAFAirrTY. 

Roctfonl G««klU Horizontal 6,000.000 

Btreator. Oukill Horiiontal 1,500,000 

Streator GMkiU HoriioDtal 1,500,000 

Taylorville OHsbill Dnplex TSO.OOO 

Town of Lake OaBkill Vertical 4,000,000 

Town of Lake Qaakill Vertical 4,000,000 

Town of Lake OaBkill UoHcontal 12,000,000 

INDIANA. 

Bloffton Giuikll] buplex 1,000,000 

Coliunbiis Holly gnulruplvK 1,500.000 

ColomboK OaskiU Borizontnl ... 3,000,000 

Connenrille Holly Qimdniplei 1,000,000 

BransviUe Oaaklll Vertical 4,000,000 

EvanKviile Oaskill Vertical 4,000,000 

Fort Wayne Holly <;iiiiL<lruplex 3,000.000 

Port Wayne Honzontnl Duple i 2,000.000 

Fort Wayne Gasklll Triple Com|«und 8,000.000 

IniUanapollH Holly Qiiadniplei 6.000,000 

Indianapolis Oaskill Water Power 5,000.000 

Indianapolis Oaskill Water Power 5,000.000 

Indiaoapolis GaskiU Steam Power Enxine 

Indianapolis Oaskill Steam Power Engine 

Indianapolis Gasklll Horizontal 12,000,000 

Jefferson vi lie .. Oaskill Vertical 1,500,000 

JelToreonvillo — Oaskill Vertical 1,900,000 

Laporte Holly 3,000,000 

HichlKan Oty. . Oaskill Dnplcx 2,000,000 

Newcastle Oiskill Duplex 750,000 

New Castle (;asklll Duplex '^O.OOO 

Plymouth Oaskill Duplex 750,000 

Plymouth Oaxkill Duplex 750,000 

Richmond Oaskill Uoriinntal 4,000 000 

TerreHaute Oaskill Vertical 6.000^000 

Valparaiso Oaskill Horizontal 1,500,000 

Wabash GaskiU Duplex Uno^OOO 

Wabash Oaskill Duplex 1,900000 

Washington Oaskill Duplex 1,.'M»^000 

Warfilngton Oaskill Duplex 1,000 000 

IOWA. 

Atlantic Holly Qaudruplex 1 500 000 

Atlantic Holly guadniplei 1 ooo 000 

Bnrlington Holly Qusdruplex 3,000,000 

Burlington Gusklll Horiiontal a .>ioo'ouo 

Burlington Oaakill Horizontal 6 000000 

DesHoineo OaKkill Horizontal ri 000000 

Iowa City Holly QuBdruplei 1 ■joouOO 

Iowa City Uaskill Duplex l[oooioOO 

Keokuk Holly Quadruplex I,a0o'ooo 

Le Uars Oaskill Duplex joq npu 

be Mars Gaskill Duplex 5qq (jq^ 

Oskalooea Holly Quadniplox I floo'oOO 

Osk^tx)8B Holly Quadrnplei . I qqq (^qq 

Sioux City (iai'kill Horizontal g OOo'oOO 

BiouxCity Onukill Horiiontal ^(XN),'oOO 



TJiT OF BHOINES Bl'ILT. W 
KANSAS. 

Niim or PLACI. &TTLI or llACBlMtHT. CjtrACITT. 

Abilene Gasbill Daplex I,DD0,00U 

Clay Ceater Oaakill Duplex 1,B00,I»0 

Emporui Holly Quodruplez ... I.SOO.IOO 

Emporia Oaskill Vertical 3,00n,OWI 

HutchiDBOD aaakill Duplet l.SWI.OOO 

Hutcbimaii Oaskill HorizoDtal L.'MXt.OIK) 

Leaveowortb QaatiU HoriioDhil 0,000,000 

Olathe Oaahill Duplex 750,000 

Salina Goshill UoriioDtal 1.900,000 

Topeka Holly Quadniplex I,.'i00,()00 

Topeba Holly QuadniplEx 1,500,000 

Topeka Otukill Horiiontnl 4,000,1*10 

Wichita Oa«kiU Horizonlat ft,O00,0<« 

KENTUCKY. 

CuviDtjtan Holly 4,000,000 

Corln^toD Oaakill Vertical .I.OOO.OOO 

CovingtiiD Qaikill Vertical .'i,f'00,000 

Frankfort Oaakill Vertical a,000,000 

I«iiingtOQ Gankill Horiiontal 1,500,000 

Lexington QedtiU UorlEontal 1,500,000 

LoniBville Oaakill Duplex ^,000,00(1 

Newport GaBkiU Vertical *,000,«IO 

Newport Ga«klll Venical 4,0(N1.00(1 

Owensboru Gankill Vertical 3,0(10,000 

Fadiicah Oaakill Vertical S,OOI),000 

Paducah Oaakill Vertical 2,000.000 

MAINE. 

Augusta Oaskill Water Power ;<,(»00,OWI 

Bangor Holly 4,U00.00r) 

Bangor Gaikill Water Power S.om.OOO 

Rockland Holly 1,000,000 

Winter Harbor Oaakill Duplex SOO.OOO 

MARYLAND. 

Cumberland Holly 1 ,.100,000 

Cumberland Holly Quadrui^x 2,000,000 

Easton Gaakill Duplex SUO,(IOO 

EastoD Gaskill Duplex 250,000 

MASSACHUSETTS. 

Beverly Oaakill Horiiontal 2,000,000 

Beverly Oaskill Horixontal 2.000,000 

Boston Gaskill Horizontal 8,<kx).00U 

BoMon Oaskill Horizontal H,00imk» 

Milford Holly 1,500.000 

Randolph Gaskill Duplex 2,.KJ0,(K«l 

T*anton Holly Quodruplex 2,iiiw,000 

Tanntoa Holly 2,000,000 

TWntoo Oaskill Horlxontal 4.000,OUU 



10 



LIST OF ENGIXE^i Bril.T. 



MICHIGAN. 

Namb of Placb Sttlm of Macsdiukt. 

Adrian.. . GaskUl Horiwotal.... 

Adrian GaskOl Horiaontal.... 

Allegan HoUj 

Alpena Holly 

Bay City HoUy Qoadniplex . . . . 

Bay City GaikiU Horiaontal . . . 

BigBapLls HoUy 

Bis Bapids GaddU Water Power . 

BigRapids GaikiU Water Power. 

Cadillac Gaskill Duplex 

Dowagiac Gaskill Duplex 

Dowagiac Gaskill Duplex 

East Saginaw . Holly Quadmplex.... 

East Saginaw HoUy Quadmplex... 

East Saginaw Gaskill Horiaontal ... . 

East Tawas GarinU Duplex 

East Tawas Gaskill Duplex 

Flint Gaskill Horiaontal.... 

Flint Gaskill Horiaontal.... 

Flint Gaskill Duplex 

Jackson Holly Quadmplex 

Jackson Gaskill Horuontal 

KaJamaaoo Holly Quadmplex 

Kkiamaaoo Gaskill Vertical 

Kalamazoo Gaskill Vertical 

Lndington Gaskill Duplex 

Sfan^uette Holly 

Marqoectt^ Gaskill Horuontal. .. 

Manistee HoUy Quadmplex 

Mmnistee GaskiU Duplex 

Moskegoa GaskiU Vertical 

Muskegon GaskiU Vertical 

Port Huron HoUy Quadmplex 

Port Huron Ga.«kiU HoriaoBtal 

Saginaw City HoUy Quadmplex ... . 

Saginaw City GaskiU Horiaontal 

Vaaar GaskiU Duplex 

West Bay City GaskiU Horiaontal 

W«t Bar Citv G^ukiU Horizontal . . . 



Duluth 



MIXNTBSOTA. 
GaskiU Horiaontal. 



MISSOURL 

CarroUton GaskiU Duplex 

Kansas i'ity HoUy Quadmplex 

Kansas C*ity HoUy 

Kansas <.*ity 

Kansas City HoUy Quadmplex 

iTttn'ota. City GaskiU Horiaontal 

Kamas tJity GajskiU Vertical Pumps. Horiaontal Engina, 

KaiKsas City Ga^ikiU Vertical Pumps. Horiaontal Engine, 

Kansas City i.iaskiU Horiaontal 

SeUalia HoUy 

St. Joseph GaskiU Horiaontal 



Cafacitt. 
1,500,000 
1,500,000 
1,000.000 
3.000,000 
3,000,000 
5,000.000 
1,000.000 
1,500.000 
1,500,000 
2;000;000 
1,000,000 
1,000,000 
3,000,000 
8,000.000 
13,000,000 
730,000 
750,000 
1,500,000 
1,500.000 
4,000,000 
1,500.000 
4,000,000 
3.000,000 
3.000,000 
3,000,000 
3,000,000 
1,500,000 
3,000,000 
3,000,000 
750,000 
3,000.000 
3,000,000 
3,000,000 
5.000.000 
3,000,000 
4,000,000 
1,500,000 
1,500,000 
1,500,000 



5,000,000 



1.000,000 
3,000,000 
1.500,000 
7.000.000 
4,000,000 
4,000,000 
10,000.000 
10,000,000 
9^000,000 
1,500,000 
«,O0O,O0O 



NEBRASKA. 

KAn OF Pb.cr, Sttlb ..r M*ch™«ii C*rniTT 

BestriM OBsklll Horizontal.... I,N>MHI0 

Heatrice G««hHl Horiiontal 1„500,000 

Cbndron Ouklll Dnplex 1 .OOii.OOO 

CbndroD QBskill Dufilex SOO.miO 

Umabn GMhlll Horizontal .%00<1.0iw 

Omaha Qastill HoriioDtal . H.iX-O.fKKi 

Omaha ... Qmkill HoriEontal S.OOO.(MIO 

Omaha Gaskill Triple Coropooiiil M.CKW.OIK) 

Seward GastiU Duplex I.(«0,OUO 

Natihna 

NEW JERSEY. 

Anbury Park GaBkill Duplex TSO.OUO 

ArtHirj Park Gaskill Dnplex BOO.lUNl 

Aibury Park Qonkill Duplex SUl.OOO 

AUanUe City Gaskill Duplex 4,0U0.0U0 

Burlington Gaskill Huriiontal I.WlO.OUH 

EatfOninga. QaHkill Horizontal l.liUO.UM) 

HeKhantTllle Gaskill Duplex .'HIO.DUil 

HerehantvUIe Gaskill Duplex ,Wll,OOU 

Salem Holly Quadruple! 1,500,000 

NEW MEXICX3. 

Albuquerque Gaskill Horizontal ^.000,000 

NEW YORK. 

Auburn Holly Quadruplex 4,000,000 

Auburn Gaskill Horizontal T.SOO.OOO 

Anbum Gaskill Boriiontal T.noO.OOO 

Baiavia Gaskill Duplex I,S00,II00 

BatATia Gaskill Horizontal I.-IUU.IJOO 

Batavia ., Onsklll Horizontal a,S«i,000 

BingbamtOD Holly Quadruplex 2,000,000 

Binghamlon Holly Quadruplex.. 

BiDgbamton Holly Quadruplex.. 

BingbamtOD Gaskill Hurlzontal., 

Buffalo Holly Quadruple!.. 

Bulblo Holly Quadruplex . . 

Buffalo Gaskill HorizoDtal.. 

Buffalo Gaskill Horizontal 

Btiffalo Gaskill Horizontal.. 

Buffalo Gaskill Horizontal., 

Ctaatham OasklU Duplex 

Donklrh Udllj- yuHiiiuplei... 

Eut Auroiv Quhldll Water Tuwi 

FlnshiDg Holly (JuadrujilfX. . 

EWt Niagara GNsklll Dnplai; 

Garden City UoH; Quadniplei . . 

0«imeo Oodfill Duplex 

Ooarertietir HoUy Ijuadniplei . . 

HaTemraw Oasklll Duplex .. . . 

Jackson Lomber ComiMny Gaskill Duplex 

Gaskill Duplex 



6,000.000 


1,000,000 


12,0110,000 


4.000,000 


l(.000,000 


I5.ll00.000 


20,000.000 



12 LIST OF ENGINES BUILT. 



Naxb of Place. Sttlb or Maobinxbt. Capacitt. 

Jamaica Gaskill Duplex 1 ,000,000 

Lockport Holly Water Power 2,000,000 

Lockport Gaskill Water Power 3,000,000 

Lockport Gaskill Water Power ... '. 5,000,000 

LoDg Island City Holly Quadruplex 3,000,000 

Mamaroneck Gaskill Water Power 250,000 

Middletown Holly Water Power 2,000,000 

New Brighton Gaskill Horizontal 5,000,000 

Ogdensburgh Holly Water Power . 2,000,000 

Olean Gaskill Horizontal 2,000,000 

Patchogue Gaskill Duplex 700,000 

Patchogue Gaskill Duplex 700,000 

Potsdam Holly Water Power 1,500,000 

Pulaski GaskiU Water Power 1,000,000 

Rochester Holly Water Power 2,000,000 

Rochester Holly Water Power 2,000,000 

Rochester Holly Quadruplex 3,000,000 

Rochester Gaskill Horizontal 2,000,000 

Rockaway Beach Holly Quadruplex 1,500,000 

Saratoga Springs Holly Quadruplex 2,000,000 

Saratoga Springs Gaskill Horizontal 5,000,000 

Saratoga Springs Gaskill Horizontal 8,000,000 

Schenectady Holly '. 2,000,000 

Schenectady Gaskill Horizontal 3,000,000' 

Schenectady Gaskill Horizontal 5,000,000 

Springville Gaskill Water Power 1,000,000 

Suspension Bridge Holly Water Power 1,500,000 

Suspension Bridge Gaskill Water Power 5,000,000 

Tonawanda Gaskill Horizontal 2,000,000 

Tonawanda Gaskill Horizontal 2,000,000 

Troy Gaskill Quadruplex 6,000,000 

Troy Gaskill Quadruplex 6,000,000 

OHIO. 

Bucyrus Gaskill Horizontal ... 1,600,000 

Canton Holly Water Power 2,000,000 

Cincinnati Gaskill Horizontal 6,000,000 

Cincinnati Gaskill Horizontal 6,000,000 

Circleville Gaskill Duplex 1,500,000 

Circleville Gaskill Duplex 1,500,000 

Columbus Holly Quadruplex 3,000,000 

Columbus Holly Quadruples 4,000,000 

Columbus Gaskill Horizontal 10,000,000 

Columbus (Jaskill Triple Compound 7,500,000 

Columbus Gaskill Triple Compound 7,500,000 

Dayton Holly Quadruplex 4,000,000 

Dayton Holly Quadruplex 4,000,000 

Dayton Gaskill Horizontal 10,000,000 

Franklin Gaskill Duplex 750,000 

Franklin Gaskill Duplex 750,000 

Ironton Holly 2,000,000 

Kent Gaskill Duplex 1,000,000 

Kent Gaskill Duplex 1,000,000 

Kenton Holly Quadruplex 1,500,000' 



LIST OF EBOniKS BUILT. ' 1 '^ 

Nuu o* Placb. Sttli or UtanHiBT. i.'ifai iti, 

Kenton Qukill Duplex l.Otfi.tt'O 

G»8kUl HoriWDUl M.IIWI.OOO 

Oaddll BorfM&tal 3,1)00,00) 

HoUy 3,000,000 

Xiddletown Helly QusdruplM 2.000.000 



HoUy .. 

Holly.. 

atdney Holly 

Hpringflald Oasklll Horliontal . . 

Ttffln Uotty Qoiulraplei... 

Hmn QasklllHorlxoDtal.. 

Urbaiw Holly Quadruplez.. 

Vrbana GukUlHoiiioatal.. 

Van Wert - Holly Duplex 

TuWert HoUy Duplex 

HoUy 



ORBOON. 

Goskill Water Powor 

Owddll Hortajnwa.-. 

fWHADd OadcUl Horinmtal... 

Gnsklll Hariioiital . . . 



PBNNBYLVANIA. 

^Mver Falls QaBtlU Water Poner.. 

rFallt Gaiblll Wdter Power.. 

BMrwPalli Holly Qu«draplex 

OaakJll Duplex 

GMkillDuplei 

BaskiU HoiixonMl 

, Gaaklli Horixontal 

City HoU, PhUadelphta Gash iU Duplex 

1, PbiladdphU Gaakill Duplex 

Corry Gaskill Duplex 

Corry Gaikill Duplex 

iDmoTille HoUy Qiuulniplex 

3)oytertowD Qatkia Horlzolit«l 

Brio - -.-- OnskUl HorlMmlal 

, Gaskill Duplex 

Hanoi^abela City Oasldll Duplex 

OfldQ' QiukJU Duplex 

nil&delpfala GukUl HorlHiiital 

fhlllpriHirK Ga«kIU Duplex 

idtaisf ille Holly Quxlruplex 

GavhiU Duplex 

Gaakill Duplex 

VoiMi City Gaakill Duplex 

TVtlkeelMrre GmhllJ Horizootal 



TENNESSEE. 

Holly 

Gaskill VerUcBl .. 
Gaskill Vertical . 



3,000,000 
2,000,000 
3.ao0;00l> 
9,000,000 
1, 500.000 
3,000,000 



1,500,1X10 
UJ.0UO,000 

:i,9ao,ooo 



1,300,0X1 

a,MW,ooo 

2.000,000 • 
4,000,000 
4,000,000 
1,000,000 

200,000 : 

1,000,000 . 
1,1)00,000 
1,600,000 
t,SOO,000 
5,000,000 
1,01.0,000 
1,000,000 
1,900,000 
SU,000,0D0 
1,000,000 
2,000,000 
1,000,000 
700,000 
750.000 
5,000,000 



I 
I 






ivflto Gaakill Vertical . 



14 LIST OF ENGINES BFILT. 



TEXAS. 

Name op Place. Style of Machinery. Capacity. 

Austin Holly Quadruplex 3,(KK),000 

Austin Gaskill Horizontal 5,000,000 

Dallas Gaskill Horizontal 8,000,000 

Denison Gkiski II Horizontal 1,.'500,000 

Denison ^ Uaskill Horissontal 1,500,000 

Fort Worth Holly Quadruplex 3,000,000 

Gainesville Gaskill Horizontal 1,500,000 

VERMONT. 

Vergennes Holly 1,000,000 

VIRGINIA. 

Lynchburg Gaskill Water Power 3,000,000 

Norfolk Holly Quadruplex 2,000.000 

Norfolk Gaskill Horizontal 2,000,000 

Norfolk Gaskill Horizontal 5,000,000 

Norfolk Gaskill Vertical 7,000,000 

Portsmouth Gaskill Water Power 1 ,750,000 

Portsmouth Gaskill Water Power 600,000 

Radford Gaskill Duplex 1,000,000 

Richlands Gaskill Duplex 1,000,000 

Roanoke Gaskill Duplex 2,000,000 

Roanoke Gaskill Duplex 2,000,000 

WASHINGTON. 

New Tacoma Gaskill Water Power 1,000,000 

North Yakima (iaskill Water Power 1,250,000 

North Yakima Gaskill Water Power 1,250,000 

Spokane Falls Gaskill Water Power 750,000 

Spokane Falls Gaskill Water Power 750,000 

Spokane Falls Gaskill Water Power 3,200,000 

Spokane Falls Gaskill Water Power 4,(300,000 

Tacoma . . Gaskill Water Motor 1,500,000 

WEST VIRGINIA. 

Martinsburg Holly 1,500,000 

WISCONSIN. 

Asblttud Gaskill Horizontal 1,500,000 

Ashland Gaskill Horizontal 1,500,000 

F'ond du I-.ac Gaskill Horizontal 3,000,000 

Fond du Lac Gaskill Horizontal 3,000.000 

Oshkosh (iaskill Horizontal 4,000, (KM) 

(Jsbkosh Gaskill Horizontal 4,000,000 

Stevens Point Gaskill Duplex 2,000,000 

Stevens Point Ga.skill Duplex 2,000,000 

Wau.sau Gaskill Horizontal 3,000,000 

Wausau Gaskill Horizontal 3,000,000 

WYOMING. 

Cheyenne Gaskill Horizontal 3.000,000 



Qaskill Horizontal ^OOO.OU) I 

BrodtrtHe UaakUl HoriWDtal,. .. 1,500.000 1 

BroRkvflle , GaHkill Horiiontal I,KM,00«) ' 

Pndarictoii Gaikill Horituntal l.SOO.OOO ( 

Ste. CDD«Kon<lo BoUy Qaadriiplox l.SW.OOO . 

Total Number or Pumping Engines buitt by tbe Holly UBnnlactutinf; Company 

lo.Ut« « 

TotAl Daily Capacity of said Sngines, Nominai, Oallons l,XM,iaft,00 

Average Daily Caiiacicy, Nominal, Gslloiw S,l«>,40 

A'frage Head. pNt t8S>i ' 

Total Daily Cftpocity, 100 feet Hand, Gallons 3,530, l(R!.non 

THE FOLLOWING OFFICIAL KEI'OItTS 

ot daty trittla ot cbe Oask ill -Holly Uigli Duty Puiupini; En^iue. all o( whu-b were made by o 
nnfter direct Bcnitiny of diniiitereAted eiperta and practical eDglneen, maki» a record whitih 
no other pumping eogine can equal. 



lARVEY F. UASKILL 



The Pompfog B^gine of wbieb tliis book ia Llie aubjeut takes it» nHnii' lr«m rln- 
deaignor and luvi-nlor. Bahvkv F. Gabkill, who died on tlie first dHV of April. IBSH, 
at the age ot forty. tout yeare, (rora a complicaliou of diseasea affecting the alomuL'li, 
Kft«r an illnesx of hIx months 

Tbe following resolutioni are bere given «« a token of Uie respect and esleeui In 
which he was held by the Bt'Kihholders and ofHcers of the Company : 

At a loeeting of the stockholders ot the Holly HaDufacturiiig Conipany. April '2, 
1880. to take appropriate action respecting the demise of IIarvet F. Iia^kii.I', the 
late Vice-President anil Engineer of the Company, the following preamble and reaolu- 
lions were adopted ; 



liranlttri. That in this e 



f of 

n the loss ot one who (or sixteen years haa been a 
r number, and whose coonsel and adrice was wine 

,__ _, ... ... mechaniiail engineer waa remarkable and brilUnnt. 

and whose whole life was evenly balanced, and marked with rigid int«grity, justice and 

ttfunlTed. Tbat wo sincerely mourn the lota of a most valuable and able colaborer. a» a 
TroMm. Vice-Prpsident, (Superintendent, and Mechanical Engineer of this Company, and 
ezprew our high appreciation of the able and faithful manner in wblcb he haa ever di«- 
tduiriEHi the duties of eacli and all these positions, and all other relations which lie has sun- 
tained to the Company, and each member of It individually. 

HenolTfii. That in his death business circles of this ciCv and society at large have sulfered 
B great lasH: the church with wbich he was connected a consistent, valued and trusted mem- 
bar: and mechanlca) science a brilliant, useful, and succeaiful inventor. 

Itaolrrd, Tbat we extend to ibe family of the deceased our heartfelt sympathy in their 



i tbet 



ral nf t1 



>e delivered to the famili 






t « 



THE COLUMBIAN WORLD'S EXPOSITION 

AND THE 

GASKILL HIGH DUTY PUMPING ENGINE. 



The City of Chicago recently entered into contract with this Company for two of 
the (iaflkill horizontal, compound, condensing, high duty pumping engines, each of 
12.000.000 gallons daily capacity against 90 pounds, equivalent to a head of about 208 
feet water pressure, and six horizontal tubular steam boilers. 

The plant will be erected at the Sixty-eighth Street Water Works of the city (which 
street is next to the southern boundary of the Exposition (if rounds), near the shore of 
Lake Michigan. 

Water will be conveyed to the pumps through a capacious tunnel extending from 
the station to a cribbed inlet situated about two miles out in the lake. 

The ordinary city water pressure is not sufficient for the requireu^ents of exhibitors 
of hydraulic and hydrostatic apparatus, such as elevators, motors, presses, etc., and 
tliese engines will be provided, independently of the regular city service, with large 
iron water mains running in and through the Exposition (Grounds, from which branch- 
ing pipes of less diameter will convey water to the different buildings, fountains, etc. 
This independent high pressure service will insure a constant and abundant supply of 
water to the most elevated parts of the grounds and buildings, at all hours, day and 
night. 

After the close of the Exposition the engines will be used to supplement the present 
city water supply. 

The engines and boilers are guaranteed to show a duty e<)ual to raising 110,000,000 
pounds of water one foot high with 100 pounds of coal. 

An engine of the same size and kind heretofore erected at this station will be con- 
tinued in use ; and another of the same pattern now at the Town of Lake pumping 
station will be removed to Ot'tli Street, so that there will be four of these engines in 
operation at the latter place, having an aggregate capacity of 48,000,000 gallons daily. 

Two more are in use at the North Pumping Works, and yet another at the Lake 
View Pumping Works, making in all seven high duty Gaskill pumping engines 
purchased by the City of Chicago within six years, having a capacity to pump 
3,500,000 gallons per hour, or 84,000.000 gallons of water per 24 hours. 

Official report of duty trials of the engines at the North Pumping Works is given 
on pages 124-133, and of the Town of Lake engine on pages 180-190, this book. 

Every facility will be afforded visitors for as thorough inspection of the engines at 
($8th Street as they may desire. 
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REPORT OF 

JOHN W. HILL, M. E., Cincinnati, Ohio, and PROF. DAYID 
M. GREENE, Director Renbsxlaek Polytechnic Institute, 
Tkoy. N. Y. 



To lAt HorteriMt Board of WaUr Cammimontri. Hiram Owkk. Michael Walhh. 
Datis Colkkak. Hekrv B. Haksoh and Bekjauin W. Clapp. Saratoga. N. T. 

Gektlembii — Acting reipeotivelj (or lod in beliatf of jonr Boanl and of tliE 
coatraciora, we Imve made a careful exnuinatlon of tUe (laHklll Compound Pumping 
Engine recenUy erected for your public water eervice by the Uolly Manufacturing 
Compaoy of Lotkport, S. Y., and Leg to report tliereoa aa follows : 

The engine is lioriiontal, of the riilnlive Don-reteiver rompouod beam type, and 
tcvalves a novel arrangement of the aeveral members, wherebj' ■ large capaciLv and a 
liigh economy are obtained by a simple machine In a small couipasB. The contract 
provides that the en^ne shall " have four steam cylinders arranged iu pairs; one high 
preasure cylinder, and one low pressure cylinder tn each pair, the low pressure cylinder 
placed under the high pressure cyliud»r. There will be one pamn to each jiair o( 
■team cylinders. The whole bolted lo a heavy cast iron bed-plate which is boiled in 
turn to stone foundations. The flj- wheel will revolve between the two pump cylinders. 
The crank shaft to have its pillow lilocks one on each ]iuiiip cylinder. TUe cross heads 
bf the high pressure cylinders nill be (are) connected by suitable links 10 a beam which 
will be <ia) ia turn connected, one end 10 the crank and the other end to Ihe piston rod 
ttf the low pressure cylinders aud pumps The anpports for the beam will reet on and 
be flrmly boiled lo the base." 

"The steam cylinders will be four in numberi two high pressore (cylinders) 31 
ineliea diameter aod 30 inches stroke of pistoDs, and two low pressure {eylinders) 43 
1 n eh ea diameter and S6 inches stroke of plstona-, to he sleam jacketed on aides and 

"The pumps will he two in number; and will be of the kind known aa donble- 
Bcting ploDger pamps; the plungera of which will be 30 Indies diameter and it6 inches 
•troke; and will be packed with an Internal gland, which will be adjusted by mi ana of 
bolls passing through the rear of the pumps, and will be made eaay of access by mi'ans 
of hand holes placed \a the pump cylinders " 

" The pump piston rods will be two iu number ; one for each pump, aud will be 4 
Inches diameter." 

The coDlrsut provides that the engine shall have a " pumping capacity of tour 
million U. S. gallons In twenty-four hours against a domestic pressure of eighty pounds 
per square inch, at eighteen revolutions per minute." end shall "develop a dnty the 
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equivalent of eighty mllllDn poanda of water mleed one foot high witli ft cousumpUan 
of one liandred pounde of best cobI." 

The contract further pro videa that the engine slis.ll. with safety to all its parts, "carry 
a tire jireiisure of one hundred and forty ponniis per square inch," and shall be capable 
" of working safely at thirty revolutious per minute," and shall have an " average daily 
duty of SLity-five million footpounds witli good merchauUble aolhradte coal, said 
averaga daily daty to be determined by the engineer at the works, who shall keep a 
daily record of the coal consumed and the work performed by the engines and pumps." 

Omitting the daily average duty of "siTtty-flve millions," which, by the terms of 
contract, is not within the purview of our investigation, wa have endeavored to ascertain 
the compliance of the engiue and boilers (the contractors having furnished tlie entire 
plant) with the following requirements of the contract : 

Firtt. A delivery into the mains at eighty pounds presenre, of four mllliou standard 
gallons of water, the engine working at a speed not in oicess of eighteen revolutions 
per minute. 

The plunger diameter and strokes were carefully measured and found to be exactly 
in nccordancii with the specified dtmeuBions, or 20 inches diameter and 3H inches stroke, 
with rods 4 inches diatneter. 

The calculated delivery of two such plungers per double stroke or per revolution of 
engine is 1H1.U33 gallons, of whicb quantity we estimate from previous uiperimenlt 
upon pumps in all material respects like these, 97.5 per crnt, will be actually delivered 
to the force pipe, or 187. 125 gallons per revolution, and at 18 revolutions per minute. 
for 24 hours, an actual delivery of 

187.125 X 18' X GO X 24 = 4,8.50,280 gallons, or an excess of 31.257 per cent, over 
contractor's guarantee. 

During the duty trial of ^~av. tst and 3d the engine ran at an average speed of 
17.8743 revolutions per minute, corresponding 1o an actual daily delivery, with an esti- 
mated slip or loss of action of S.5 percent., of 4.81B371.03 gallons against an average 
observed pressure upon contractors' gRugn and special test gauge of Oil.O' pounds per 
square inch. It la scarcely necessary to suggest that it the engine is capable of pump- 
ing the above quantity of water against a pressure of 05 pounds per square inch that 
it is capable of pumping a larger quantity against a reduced pressure, say 80 poandc, 
with the same boiler pressure. 

The pumps, by reason of the very low speed at which tliey are now worked, are 
supplied with ordinary by-pass pipes and valves to adapt tlie water load to the reduced 
motion ot ,ngi»e. 

During the trial of Nov. Ist aad 2d the bj-paases were closed and puuips required 
to furnish a full delivery of water. ' 

Seeond. A duty of eighty million pounds of water raised one foot high willi a 
consumption of one hundred ponoda of best coal. 

The duty trial began at H.OO a. m., Nov. Ist, and terminated at 4.00 a. m.. Nov. 2d, 
covering on unbroken run of twenty Uoure, during which lime at regular intervals 
observations were made of the engine counter, aleam and water pre^ure gauges, water 
levels in boiiers, temperatures ot injection, overdow water to heater, and teed water to 
boilers, meter in feed pipe, and vacuum gauge. 

The coal burned was " Lackawanna," of excellent quality, as shown by the remark- 
ably small percentage of refuse during the trial. This whs weighed in double ohargea 
of 150 pounds each and dumped into ihecoal wagon in front of the boilers; eachdiuge 
lo the iKiilers of 300 poaitds was exhausted l>efore tlie next charge was permitted In 
the wagon. 



ludicktor diagmns from all the aleam cylinders were laken at Irregular latecvaii 
dariag the trial. ' 

Prom the log of trial are obtained the following averagea aod totuls as aHecllog lie 
duCf : 

Data moM Dutt Thiai_ 

Engine counter at 8.00 a. m., Not. lat 280.058 

4.00 A. M., Nov. 2d 807,508 

RevolutiODs tor 20 bours 31/149 

Average presBure by water gauge 05.00875 

" " engioe steam gauge 7426 

vacuum gauge VrJUO 

" temperature of injection &6.8S5 

overflow 71.135 

Total coal burned, pounds 0,750 

Prom which data we deduce the duty as follows : First, by the generally adopted 
method of 

A X P X F X lOQ 

Where A represents Ihe mean area of one plunger at right angles to Its biIb ; P repre- 
•enii the total pressure per square ioch of plunger, and coDaists, first, of the observed 
pressure by gange, x or — difference of levels (center of water pressure gauge and 
■onree of supply), X an allowance fur extra frictional realstaoces of water paatiagps Into 
■nd out of pumps usually taken at oni- pound, and F represents the total plunger travel 
during trial, in feet. C repreHents the total coal burned during trial. The condition of 
fires lieiug alike at beginning and end of trial, with minimum llucluations of steam 
prMiare ind water levels in boilers ; and wcondas & neiarabsoliilediiif by the method 
G X W X J^5<^100 

c 

Where Q repreaents the actual delivery of water during trial In U. S. standard gallons ; 
W the weight of water at observed temperature per gallon ; and Q the head In feet 
through which the water is pumped, consisting of the algebraic sum of the head due 
pressure by gauge, and the diHerences of levels (center of water pressure gauge and 
torce of supply) ; C, as before, represents the total coal burned during trial. 
Calculating duty by Rrst method 

20* X .7854 X (20' X .7864 - 4" X .7864) „„, ^..^ . , 

,= -g ■ — = 307,8708 sq. inches, 

}* = pressure by gsuge mean of 81 readings 113.00876 

Dltterence levels center of water pressure gange and source 

of aapply(_ ^ _ ( 0.09S6S 

Allowance for extra frictional reelatauces of water passages 

Into aad out of pumps 1.00000 96.1884 pounds. 

= revolutions during trial 21,449 

PiBlon travel per revolution , 13 257,388 feel. 

= total coal burned 8,750 pounds. 

then by formula 

807.8788X90.1684X257,388X100 , ,„ ooo qo« .n.4 , * j j i 

— 8750' ~ ^ 113,899,983.104 foot-ponnds duty, or the 

work of raising nearly one huudr«d and thirteen million pounds of water one foot high, 
wUhoat fricUonal resistauee or loss of effect. 



The coutTBCt provides for ft dalf of eigLtj millloDS. which ia eicieded hj the dntf 
based upoii tho convetniunal furmulB. b^ 41.125 per cent. 

CalculattDg tbo dutf by second method 

G = 191.933 X ^75 X 21,449 = 4,013.612.516 ^IIohb, 

W = weight per gallon taken fnr temperature, 56 B.33 pounds. 

a = pressure by gauge 95.06875 X 3.30S 219.418 

Dl Sere ace levels center of gauge and source of supply _p.230 219.048 feel. 

C = total ooal burned : 0,750 pounds'. 

then by formula 

4,013,642.616X8.33X219.648X100 ,™™-f«.i<i„n a „f ».t.r r.iW « tn^t 
— ^ - - ^ ;= 1w,jUi),5oD.o pounOH oi water raiaed one root 

high MS (he univalent of absolute dut;. 

The contract provides for a duty of eighty millions, which ts exceeded by the net 
duly nearly 36 per cent. 

1m Ihe following table are recapitulated the averages of all data and totaiii for doty 
trial : 

Duration of trial, hours 20 ^^ 

Average pressure by engine, gauge, poucda 74.25 ^^H 

vacuum formed, inches 27.295 ^^| 

temperature of injection, Fahr 66.23S ^^| 

overflow, 71.125 ^™ 

feed water to boilers 189.175 

pressure by gauge on force main, pounds 95.06^75 

Diflerence levels center of pressure gauge and source of 

supply, pounds 0.09905 

Revolutions in 20 hours 21 ,449 

per minuiB ' 17.8742 

Piston speed per minute, feet 107.2452 

Total coal burned, pounds 0,750 

Calculated discharge of pumps per revolution, galloQj 191. B2S 

Actual Fsllroated discharge of pumps per revolution, gallons, 187.1SS 

Weight of water per gallon at 56 F., pounds 8.81) 

Contract delivery at 18 revolDlions, gallons 4,000,000 

Actual esti muted delivery at IS revolutions, gallons 4.S50,S8I> 

Excess over cnotractofs" guarantee, per cent 21.287 

Contract duly per 100 pounds of coal 80.000.000 

Convenlional duty as per trial 112.899J 

Excess over conlractors' guarantee, per cent 41.125 

Net absolute duly as par trial. 1D8,7QS^SB 

Eicess over oontractors' guarantee, percent so 

Just before the duty trial lermiaaled all the principal bearings of englM^ 
examined with no evidences of heating. 

Third. Tbe furnishing of a Hre pressure of 140 [Kiunds ]>er square inch wltlx ■ 
to all parlB of the engine. 

This is a moderate requirement, as pumping engiues tor fire service 
constructed to withstand 150 pounds pressure per square inch of plunger o; 
are not infrequently required to furniah a fire pressure of 180 to 200 [wunda p 
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iQcli in towns built an undulrillog Krciund. Without special obnemtion tLere is little 
iTibt or thoabiliiyof ilie engine to mpHl this rtquiremeni witL a large factor oC e»tetj: 
but daritig tbe te^t of fire atreams. Batarda^. Oclaber Sgth, tlie gauge was read at frc- 
iieut iDiecvals and occasionally regiatered in excess ol 140 pounds. 
Fourth. The euglue aball be capable o( working aafelj at tliirt; revolulions per 
minate. 

It is not poasible to properly test the engioe at tbirty revolutions per minute wltlt 
the present connecting mains. But from the manner In which the engine performed 
iiring the duly trial nod our previous uperitnce with nlmiiar pilliipiiig engines, there 
i no reasonable doubt of the dimenalons and arrangement of parts being sufficient and 
'ell adapted for such a speed as a maiiiuuui requiremeat. 
As a mailer of interest to your board and oursiilveH, arrangemeots were made lot 
determine the economy of tba boilers during the duty trial, with the following resalts: 

Dnralioa at trial, hours 20 

Average pressaie by gauge, pounds 76.644 

'■ leraperotura of feed water, 189.175 

" water to meter 86.573 

perceotage of waier entrained 6.373 

Water by meter rt-cord, cubic feel 1181.8 

Error of meter record, percentage 3.8457 

Weight of water pec cubic foot (temp. 85.575), pounds 83.135 

■' passed tlir. ugh meter 73,530.773 

" " drawn oS for lemperature of feed, pounds 214 J 

" to boilers, pounds 75500,773 

■■ enlrained. " 4733.B04 

nelsleam, pounds 70.583.778 

coal burned, " 8,750 

Steam per pound uf coal, from temperatttre of feed, pounds 10.4587 

Steam per pound of coal from and at 313, pounds 11.386 

Weight of ash and clinker returned B16 

Percentage of a on combustible 3.3 

Coal burned per sq, foot of grale surface, per hour 5.883 

Steam per sq. foot of heating surface, per boar 1.1933 

The HpeciScatioDB for llie engine provides for " Air pumps to remoTe the air, water 
of condensation and condensing water from jet condensers," to be worked from the 
engine shaft. In place of which ibe contractor has substituted the now well-known 
Bulkley condensing appurnlus. The merit of this change must be measured by the 
results. The vacuum obtained ranges from 27-38 InohcB, and the engine power, which 
with air pumps would be absorbed in dischargiug the conteuts of condensers, is now 
atiliied In forcing water Into the mains. 

Whatever gain in economy of performance lias been obtained by the change in 
oondensing apparatus is a benefit alike to the contractor in his increased duty upon 
. trial and a coolinuous benefit to the water service to the extent of power which other- 
wise would be required to work the air pumps. 

The specifications provide fur an automatic preaaure regulator lo be furnished with 
the engine; thia, aa the contractor informs us, will be supplied and attached in due time. 

Barring an unevenuess of some bearings (which a limited use and proper attention tu 
working joints will soon remedy) the perlorwaace of the engine la very satisfactory. 
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There is a delect in the catoff ralve motion of the left engine, to which we hmve 
emlled the oontnctor's attenticn^and which he pnnnises to correct. When corrected the 
present hesitation of the engine in taming the right inboard center will in oar opinion 
disappear. 

In conclnsioii^ we beg to saggest as oar opinion that the oigine compties in all 
essential re s pec ts with the terms of the contract and shoald be accepted. 

All of which is respectf allj sabmitted. 

Trot, N. T., Sot. 8d. 1882. JOHN W. HILL. 

D. M. GREENE. 



PRDTCIPAI. DdCKXSIONS of EXGDtK. 

H. p. CTlinder (3) diameter 21 inches. 

L P. Cjlinder (2) - 42 

H. P. Piston Bods (2^ diameter 8 

L. P. Piston Bods (4 » " 3.5 - 

Pomp Plangers (2> - 30 

rodsi2)- 4 

Stroke of all Pistons and Plangers 36 

Cai off ValTes Pappet. 

Intennediate Valres Gridiron Slide. 

L P. CVDnder Exhaast YalTes " " 

Fljwheel, diameter 12.33 feet. 

wei^t 12,000 pounds. 

Priscipal Dixkxsioxs of BOILKBSw 

Namber Two. 

Scrle Horiaontal reinm tnbaUr. 

Diameter of Shells 5.5 feet^ 

Length - ** 18 - 

Namber of Tabes 87 

Diameter of ** oatside 3 indies. 

Gratis (2) length 4.75 feet. 

•• \2^ width 6 

Heating Sorfsce, estimated 2957.5 sq. feet 

Grate Sarfmee 57 sq. feeL 

Heating to Grate Sarface, ratio 51u^ 



REPORT OF THE TRIAL 



GASKILL PUMPING ENGINE 



SARATOGA SPRINGS, N. Y., JUNE, 188;!, 
CHARLES T. PORTER, 

THE BfMRD OF WATER COMMISSIONERS. 1883. 



COBRESPONDENCE. 

When the pre'senl Board of Water CommiaHionera organlied on Iha first Tuesdaf id 
Hay. it was perfectly clenr that public seotlineDt ileaiBnded another fxaniiaatioD and 
lest of our new pumping machinerj, by a tLoroaghly competent and disinterested 
expert. With this purpiiae in view, correspondence wa^ bad witli several experts in 
mechanical engineering, whicli ceeolted in the employment of Mr. C'Uas. T, Porter, of 
New York Clly. This geotleman lisa. we believe, made a most complete, careful, thor- 
ough and hoDest examination of our pumping engine. Hi» ptelimiaary report was 
received June S9tli, and bU complete report July SOtli. Not being personally acquainted 
with any eiperts in mechaniciil engineering, we were obliged to be dependent on recom- 
mendalioDB in employing a proper person to do tliis work. We IwHeve it due our tai- 
paying citiieoa tliat Ibey nhould know on whose recommendations we employed Mr. 
PortsT. One expert who had sent us hie card, reFerred. among olhera, to the Willimantic 
Linen Co , of Willimantic, Conn. In reply to our letter of inquiry, this Company sent 
as the following letter: 

May 10, 1883. 
Mb. W, H. Hodokan, Water Oommiinionfr, Saratoga Springs 

Dear Sir: Your favor of the 9ih received, I 

with Hr. to express an opinion. He made some tests for ua at one time, and this 

all that 1 know of him. I nnderatand that Mr. Clias. T. Porter, engineer and expert 
room 4S, Tribuue Building, New York, is o'peo to engagemenla. There, la no ([uestioc 
as to Mr. Porter's ability and knowledge of steam engines and machinery. I nouiij 
rather hare Mr, Porter to find out the " true inwardness " of machinery than any man I 
can now tliink of. Very truly yours, 

W, E, Bahbuws. Ereat. 



t. N. r, 

lufficienlly wett acqu 



After receiving tUta li 



e Mr, Porter 



follows ; 
Sabatoga SPRinos, May 13. 188S. 



Mil Chas. T. Porter, New York City 

Hear Bif: You have been recommended to na by the Willimantic Linen Co.'s Pres- 
ident, as a reliable and competent steam engineer expert. We have in our village one 
of the new Qaskill pumping engines, of four million capacity, whicli has recently been 
put in. We are not satisfied with the lest made by Messrs. Hill and Greene, and shall, 



in all .prQb&bllity, bave anolher tt 
jority of our peopin can feel have 
it is. We are extremelj anxious 
mBcLine is suitable to our wan If. 



purposes. Also, ■> 
The present iqi 
hnre the aaituranc 
tblngB that covr ai 
would send us som 



t made by a party or parties whom a very large ma- 

Q intsreat in repreaeti ting this engine o tiler than what 
to get at the esact truth, and know whether this 
be depended upon for domestic as well as fire 






re/erenci 
state furtbei 
bring their own engineer, aa we pn 
no poaaible interest in trying tu co\ 
this safeguard necessary ; if so. pli 



to whether the Holly Co. have fulfilled their er 
iority in our Water Board wish to keep thia machine, if ibey can 
of aomo competent, unbiased ei perl, that it Is all tight and those 
put it mildly, peculiar, explained to us. Now, I wish jou 



lid probably be your pric« for ibis 
;hat, whoever we employ, we may want them to 
er to have everything done by those who caa have 
r any defect that teay exist Vou may not consider 
If you happen to be cousultlDg e 



1 any way connected with llie mBOufacturers of any putuping machinery. 
JOU will do us a favor by so slating. Hoping lo hear from you without delay, 
I am, respectfully yours, 

W. H. UoDOMAN. Water CommUiiontr.. 



In reply to this Mr. Pofler wrote as follows. 

New York, May 16, 1888. 
W. H. BoDGUAH, Water CarnmUtiontr, Saratoga Springs, N. Y. 

Dear Sir : I was called out of town yesterday, and find your favor of the 19th 
on my table this morning, I luke pleasure in replying to your inquiries. Until recently 
I have carried on the manufacture of the Porter- Allen High, Speed Steam Engine. Seod 
you a circular lliat you may know what this is. Since it pafiaed into tho hands of a 
company 1 retained the direction of the manufscture until last fall. I am happy to refer 
JOU lo the present managemenl. For my position as a steam engineer and reliability, 1 
will also refer you to two leading aullioiilies in dynamical engineering. Prof. R. H. 
Tliurston, of Stevens Institute. Hobobeu, N. J., aud Prof. Wm. P. Trowbridge, of Co- 
lumbia College, this city, and to Erastus Corning, Esq.. President Albany and Rensselaer 
Iron and Steel Co., Troy. N. Y. Probably lliese gentlemen will bo sufBcienl. I Lave no 
interest whatever in any system of pumping machinery, but always feel Interested for 
the success of any work of that character, and should liope that the result of a careful 
e»«inination might be tlie detection and remedying nf defects, rather than the rejection 
of the pumps, should valid grounds for dissatisfaction be found to exist. In this case 
all the parries are strangers to me, and I have no relations with other builders which 

would bias my judgment. My charge would be per day and my expenses, Inclad- 

Ing time employed in making necessary preparations tor trial and in preparing my 
report. Aasialauce in making observnlions and keeping records wmild be required. I 
preinme that young men from the Polytechnic at Troy would be glad of the opporlu* 
nity. My judgment would be against etnploying a special engineer. Should the result 
be unfavorable, the makers would be furnished with a ground of complaint. On tlie 



1 



other hand, should defects eilst the eogin 

sensible man he would not try. Any coi 

inwardness of the machinery before he cam 

Very truly ; 



er could not hide Iheu 

ipetent expert would Annie the conplste 

I lo any coDcluaion respecting It. 

lurs, CHA8. T. Poi 



Esq., mSBI^^^ 



We now wrote to Profs. Thurston and Trowbridge and Eraatua Corning, Esq., i 
their opiniou of Mr. Porter's competency as )i mechanical engineer and his reliability u 
u man. To Iheae letters of inquiry wo received the following re[i 





Tkot, N. T.. May 19, 1883. 
W. H. HODQM.iN, Barmtoj!> SpriagB, N'. Y. . 

Dtar Sir : Toara 18tli inst. receive. Mr. Chas. T. Porter ia a mao at most escel- 



IciDt Btandiof; sod reputatioi 
wham we would intrust tlie i 
iug out about it, wUetber it 
Porter; aud I dn not duubt ji 



rtigatioi 



The above waa w 



lav deg 



s a mtclianical eugineer, and vre know 
Ful eiamitialioQ nt mackioerj. with the object of find- 
s defects oi anj kind or character, as we would to Mr , 
vould hud liim thoroughlf competent to make Buch an 



r letter acidresaed 



iBLDKN E. Mxnvts, Secy. 

n Eraataa Corning, Esq, 



Mji Dtar Sir : 1 considt 
the most suru|)uloii9lf exact 
absolutely. His specialty ia 
no one could do it belter. 

V.ry ti 



Stbvenh Ikhtitotb of Tecusolog?, 
Department of E:>o[!iebking. 

HODOKBK. N. J., May 21. 1883. 
Mr. Porter one of the ablest, and I am gurs he Is one of 
sen In the proreBSioo. 1 believe that you can trust him 
engine • • • and it it tn in hia line, think 



the 



ily JOL 



R. H. Thhrbton. 



School of Mines. Coluiibia f.'OLLEOE, 
New York, May 23. 1883. 
W. H, HODOMAS, Saratoga, N. \. 

Dea/r Sir : \ ubn pleasure in repljing u. once to jour i&quiriea in regard to Ur. 
Poner. Be is one of the best mechanical engineers la this country. A man of large 
eiperieoce in steam -engines aaii macliinery, and the inventor of the famous steam- 
engine which bears his name. 1 have known Mr, Porter for many years, and have never 
heard a word against him as a man. I should not know whom to recommend to you 
beforti Mr. Porter, of all the mechanical engineers now available. 

Yours truly, W. P. TnownmooB. 



All of which Is respecttnlly submitted. 



Davis Co].bham, 
Bksj. W. Clapp. 

W. U. HODGilAN, 

Committtt. 



FIRST REPORT. 



DiVis Coi-EMAS. Esq., FretideiU of the Board of Wtiter CommUtionen of ths Viliage of 

Saratoga SpHngt. 

Sir : Having received from your Board, under data of May 35, 1888, instrocttoiu to 
Biake an examination of your new pumping macliinery, whiib Ebould be full and com- 
plete in every particular, I visited Saratoga on the SUlh, for the purpose of a preliminary 
inspection, and on the Rrst ci( June I made a careful internal examinaliun of the pumps 
and engines. 

The interval from the 12th to the IStli waa employed in making preparations for a 
■eat, and In a detailed study of the machinery In operation, and on the last-nomed day a 
contlnuoufl trial of the boilers, engines, and pumps waa commenced, and continued aa 



A teal, for duty was first luade in a run of stxty-eiglit lioiira, from 5 p. «. on tlj« 
ISth to 1 I'. M. QD the 31st. The tire preaaure wan then put on. Hcd tlie macbinery vbs 
riiu under tliiapreaau re until G P. 11. Tl]« pressure was then reduced to the uaual domestic 
pressure, and the apeed to that required to supply the demand for water. 

On the morning of the 23d, at K:30 o'clock, the englnea were atopped for tlie lirat 
time during the trial, and one of ihem was disconnected, and the domestic service iras 
then continued for two hours by one eng'ine running alone, with which run the trial 
was concluded. I now present a preliminary report giving the results of the trial, and 
the eoneliiaions at whicii I have arrived. A detailed report will be presented as soon u 
it can be prepared. 1 lilid as follows : 

First. In the construction nC the Iwilers, engines, and pumpa, the requirementa of 
the contract have been complied with in all respects, except that two Bulkley can- 
deusera have been supplied in place of the four air pumpa and the jel condenser, which 
were specitied. This cliauge eeema to have been a judicioua one The coodansers main- 
tain a good vacuum. The aitualioo is favorable tor condensers of this character, as the 
depth of the pit. in which is placed the hot well fnr the termination of their dischargo 
pipes, is such that as soon aa a partial vacuum is formed, the condenaets will draw their 
water from the suction main without the aid of a pump, while the pressure in the 
delivery main ia availalile to form the vacuum in starting. By this change four air- 
pumps have been dispensed with, improving the economy of running, and diminish- 
ing the liahility to derangement. 

Second The design of the enginea is. in one respect, a novel one. Each high- 
pressure cylinder ia placed on the top of a low-pressure cylinder. The purpose aud 
effect of this arrangement is to obtain a short and direct passage for the steam from the 
first to the second cylinder at each end. 

With the exception of the beam engine designed by Mr Leavitt, all previous plans 
of compound engines of this class have involved long paasagea between the high and 
low pressure cylinders, wh.ch are wasteful of steam. By the above happy expedient 
this objectionable feature ia got rid of in these engines, aud they are enabled to take 
rank among the moat economical pumping engines. Special interest attaches to this 
trial, from the fact that these have been the Srst enginea built after lliis design. 

Third In the details through which this general plan has been carried out, there 
are no features which aeem open to criticism, but, on the contrary, all seem entitle*! la 
commendation. The oonstructioo is thoroughly mechanical in every respect. The 
forces are transmitted and the strains are resisted in the manner theoretically the most 
correct. The parts are strong and well proportioned, and the workmanship is excellent. 
The result is seen in the performance of the highest duty without any sign of labot. 
I do not think that the study of any machine has ever (;iveu 1o me a stronger feeling of 
confidence In its durability. A weakneaB had appeared, however in the sides of the 
pump chambers. In the original casting these sides were each stiffened by ten ribs two 
and a quarter Inches high, hut they were found to yield under the water pressure. This 
was remedied by two bolts carried through each chamber — eight in all With reapect 
to these bolts. It is to be observed that they resist the straios better ilian anything else 
would do; that i( introduced originally they would properly have been regarded aa an 
excellent feature, and that It is doubtful whether in other similar pumps anything so 
good could be substituted in place of them. 

Fourth. As the pumps were working when 1 first saw them, and during my obser. 

of them in domestic service, they delivered into the main for conduction to the 

village all the water that passed through them Then, was no other open outlet for it. 
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I relief TsJve, the by-pasa vmlvea and the Talvea eontrolUng the auppl)' of water 
from the delivery niBin to the cDndeiisera weri' closed. When either of these was open 
eren In the least degree, the rush of water through it was attended with a good deal of 
noise, and sa ihe mariitiiery moves in silence, excepl the sound made by the four ateam 
valves in striking their aeata, any aacli noise would be distinctly heard. I found every 
one of the aii hundred and seventj-twn valves in the putnp chambers to be in its place 
and in good order, with the eiception of a few of the suction valves In two of the 
chambers which were beyond mj reach. The Indicator dlagraniH taken trora the four 
pump chambers show, however, conclusively, by the inalantaneoua and complete rise 
■nd fall of the pressure at the terminations of each stroke, that all the valves are In 
place kod are perfect in their action. 

No water returned through the old pumps. U could be lost In this way only by 
leakage past both delivery and corresponding suction valves. It either one nete tight 
thai would prevent It. These were eiamined and put in good order after my first visit. 
•nd afterward, on being run in my presence, the old pumps showed the same elScienay 
with the new ones, as nearly as they could be compured. Their perfect action was 
shown also by Ihe absence of fluctuations of pressure in the delivery main. In compli- 
ance with the wishes of your Board, however, the valves which control the communi- 
cBliou from these pumps to the delivery main were closed during the trial. It is. as 1 
learn, tlie practice to keep these valves open, that all may be In readineas for starting 
the old pumps at any moment, and when so set open no loss of water takes place 
through them. 

Fifth. As the water is delivered by the pomps direct tnlo the distributing mains. 
Its volume cannot be measured. The capacity of the pumps is found, therefore, by 
compniatiou from tlie displacement of tlie pluiigerii. The loss b; return of water 
through the vaives while closing, technically termed the slip, is very small, only a frac- 
tion of one per cent., and cannot be seen on the diagrams. 1 have, however, deducted 
one per cent, for slip. At the temperature of the water, seventy-one degrees. Ita 
expansion from lis greatest density is only oDe-fourtli of one per cent., and is dis- 
regarded. 

There are two double-ncling plungers, each twenty inches in diameter by thirty-six 
Inches si rake, having rods four Inches in dinjneter. Their average area is 807.88 square 
inches, and their aggregate travel is twelve feet at each revolution. Deducting one per 
cent, we have on each revolution 43,800 cubic inches, or Just 100 gallons of water deliv- 
ered. By computation made on this basis, the pumps at eighteen revolutions per minute 
delivered in twenty-fourliours, 4,924,800 gallons, or upward of iwentj.three percent. 
in excess of their required capacity. 

Siith. On the fire- pressure test, the machinery satisfactorily demonstrated its ability 
to run under a water pressure of ooe liundred snd forty pounds on the square inch, at 
eighteen revolutions per miouie. " with safety to all its parts." There was an entire 
•licence of vibration or other Indication of labor. 

If Ihe means had existed for getting rid of the water, 1 should have increased the 
•peed to thirty revolntions per minute, as g-uoranteed in the contract. There can, 
however, be no question of the ability of the machinery to mn at that speed, against 
one hnudred and forty pounds water pressure, since all its parts then show a large fac- 

At that speed, it will deliver ninety-five gallons of water per second, which 
thao twice ita required capacity. 

Seeenih. The test for duty was made • long one, to Insure that the duty 
■honld be no more than the machinery was capable of performing eontlnnoasly. 
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kllowBQOe was mode for rrlclion anywhere. The dnly is llie 
delivered. The pressures in the gucilon and delivery msitm 
of the center of Ihe plaagers. 

Only two elements eoier into tills computation of duty, namely, the work done Id 
delirering w&ler, and the coal burned, The iurestigallon of the performaoc^s al the 
boilers, engines, and pumps, wliicb enabled Ibe duty to be performed, will be made id 
my final report, but these liave notbiiig to do with (lie rompulBtion of the duly. 

About five o'clock on Thursday moruing, sixty hours after ibe com me P cement of the 
run, a part of the packing blew out from the laaoliole plate of oae of the boilers. 
It was found impossible to stop this leak entirely, aud I Lave therefore made tbe com- 
putatiou for sixty hours inatend of sixty-eigUt houfB. 

During this time the eogines made 68,356 revolutions, being an average of 18.S>G 
revolutions per minute, and the avBrae« water pressure was eighty -seven pounds on ihe 
square inch. 

Aliowing one per cent, (or the slip, there were done on each revolution 3.0ST.G2 
foot-pounds of work for each one pound of resistance on the square inch o 
in the main. 

807.88 X 13 = !i,(«H.5e, and deducting one per cent, leaves 3,057.63. 

Multiplying this namber by the revolutions and the pressure, as above, i 
at, 730,100,000 foot-pounds of work done in the sixty hours in delivering water. 

The coal was hand picked and was of good quality, for it left only 4.73 per cent, ot 
ashes and cinders. The whole quantity burned during this time, assuming the fires lo 
Lave been in the same condition at the close as at the commencement, was 30.330 
pounds, which shows a duty ot 106.888,000 foot-pounds for escU one hundred poundi 
of coal consumed. The above assumpUon, however, was not fully warranted, since by 
omitting the first twelve hours the remaining forty-eight hours show, by a similar com- 
pulation, a duty of only 105,340.000 foot-ponnds fur each one hundred pounds of conl 
consumed, and this may be taken as the real duly of the machinery in regular service. 
It exceeds the stipulated duty by 33^0,000 foot-pouo<lB,or nearly twenty-eight percent. 

The first twenty hours show an apparent duty of 117,580.000 foot-pounds, aud 
theBrst twelve liQura show an apparent duty ot 127.170,000 foot-pounds. The svs- 
tetu of observation was such that the apparent duty at different periods of the ttat can 
be accurately ascertained, and the real distinguished from the fictiliuus- 

Eighllt. The fly-wheel on the engine is twelve feet and four inchea in diameter, and 
its rim weighs 0.700 pounds. This is insufficient to maintain its motion when moving 
slowly, and so permits fluctuations of the water pressure, which increase in a rapid ratio 
as the motion of the engine is reduced. 

■e conlrolled by cranks, as Is the case here. The 
auks la at light angles with each other, and so 
□ of the water Is when either crank is on one 
ot these points, or when liolh cranks are 
n angle ot tony-five degrees, the motion Is accelerated theoretically tony per cent. 
This is modified In these engines by the action of the connecting-rods, and the accelen- 
lion is made different in each of the four quadrants, being sixty per cent, in one and 
only twenty-Sve per cent. In another. This is the case when the rotation of the cranks 
is uniform, and is the best liint can be done. 

The fiuctuBtion.sof pressure due to the above cause appear not to eieeed fit-e pounds. 
They could be reduced very much by employing a large air chamber, hui 1 do not 
learn that this small amount of fluctuation Is t^und very objeotiooable. The serious 



It Is not poseible lo imparl uc 
double-acting plungers whose moti 
most favorable position for the t 
they are always set. The slowest 
of its dead points- Midway between any t' 
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flucluBtions BTs doe eatirel; to tlie IneuSlcfeiicr of tlie fly-wheel, nbicb at slow sp««d 
permits lurge varialloiia in the iDotiau of the craoka. The fly-wheel muetH the require* 
mmls of tli0 coDlrsct. but that does not iiibIi« It sufHcieDt, 

A fly-wheel eighteen feet in dUmeter, hailng a rim of one hundred and thirty aqnare 
indies in cross-section area, would hnvn )nst live times the regulstiDg power at the 
present one. With such a wheel ull SuctnationH above live pounds would disappear, 
even when running as slowly aa tour and one-half revolutions per minute. The pres- 
ent ahati wonid not carry this wheel, but the bsarlnga and their aupporla are ample. A. 
new shaft will need only to be larger between the joumale, and ita form on each aide 
of the wheel would properly tie a truncated cone. 

The old pumpa deliver the water without any appreciable fluctuation. Thia la be- 
cause they consist of four donble-ncling pumps, driven by cranks, which are so set thai 
their dead points divide the circle of revolution into eight equal parts, and these cranks 
ftr« kepi in very nearly uniform motion. 

2fintk. With the above described fly-wheel, one pump and engine, can, in ease of 
necessity, be run alone uoiirely well. At present, with one engine, the flaciualions of 
pressQre are exceasive. There is also a liability for a single engine to be caught on the 
e«nter. The fly-wheel should have holes at convenient distances apart, around its face, 
so that a bar can then be advantageously applied to move It oH. 

Ttnth. The engines maintain with ease n fire pressure of one hundred and forty 
poQods on the square inch, and ne already staled can deli vei. under this pri'ssure. uinet;- 
five gallons of water per second. This pressure is the same that would be niforded by 
a reservoir in which the surface of the water was three hundred and twenty feet above 
the level of the pumping station. Kow thia would be a great head of water ; but you 
have the very same thing, with the capacity for delivering a volume tar greater iban 
can be carried away. 

Under these circumstances, to blame the pumping machinery, aa I learn is \ie\ag 
done, because only a Bmnll portion of this pressure can be realired in the hydranta in 
the village when streams are put on. Is aurely the ve/y height of absurdity. The cause . 
of ttiia liUB of pressure will have 1o be looked for where It eiista. It must be obvious 
to eveiT one, on reflectloti. that the euginea can have nothing to do with It. 
Very reapeclfully. 

Saw VOBK. June 2H, 1883. CHABLE8 T. PORTER. 

FINAL KEPOHT, 

I)* VIS COLKMAN, Esq,, Prftidenl of the Board of Water Commiuiontri of the ViUagtof 

Saratoga Springt, jV. T. 

Sir ; 1 have now the honor to present tn your Board a detailed leport of the trial of 
yonr new pumping machinery, supplemeniary to my general report already presented 
onder date of June 3^th. and lo which referHUce is hereby made aa constituting a part 
of this report 

The said machinery consists of two double-acting pumps, of a rated aggregate 
capaoity of four mitliou gallons per day, of two compound cylinder engines, each of 
which drives one of the said pumpa, and of two boilera, which unitedly supply the 
snglnes with sleam. 

On the trial of thia machinery, fonr separate continuous logs were kept, from (i p. ic 
of the 18lb to 8;30 a. ji. -t ihe 22d of June. These logs are here combined, and nre 
presented in the following table. No 1. 
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The observations were made simultaneously at the oommenoement of each hour aw 
half hour, and diagrams from all the cylinders and pump chambers, making eigb 
engine and four pump diagrams, were taken directly afterward. Examples of each o 
these are given in connection with the description of the engines and pumps. The oil 
servations and diagrams were numbered consecutively, all those made or taken at tb 
same time receiving the same number. 

The heights of the barometer were furnished to me by the United States chief si| 
nal officer, — tc whom my acknowledgments are due, — from the records of the Albany 
station, and are corrected for the elevation of the pumping station, two hundred an 
fifty-nine feet above tide-water. The thermometers used were supplied by C. J 
Tagliabue. 

Eight Tabor indicators were employed, which, with two test gauges, were preparei 
by the Ashcroft Manufacturing Company expressly for this trial. 

I had the assistance of eight young gentlemen from the graduating class of th 
School of Mines of Columbia College, who kindly volunteered their services, and t 
whose careful and intelligent work we are all indebted. 
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In tre description op rma ststhm op Pumpiko Mackisbkt, j 

COBB SB OP THK PowKii, COMMKNCIKQ WITH TUB Boilers, j( 

FIB8T.— TUE BOILERS. 

The dlmenilona and performiDce of the bniters are give 
No. 3. The coal was brought into the lioiler-Uoase in a haad-Ci 
pounds each, and was shoveled from tlie car direutl/ iotu llit 
were shortened bj flre-bricku at the back, laid In cemeut. 

It would not be practicable to empty the farnaccB at the close of the test (or dotj, 
becaase the engines could not be stopped, and, moreover, it was neceeeary to proceed 
immediately to the teat of the machinery under Gre-preBaare. I therefore took no ac- 
count ot the coal used In starting tbe fires, but commenced the obaervaliona when fresh 
and clean firea had been burning, and the engines had been TUDDiog at their intended 
apt-ed of about eigbteen revolutions per minute, for nearly an hour, knowing that In a 
long trial the eicessive apparent duty got during the early portion, from the combus- 
tion of coal that had not been weighed, could be readily ascertained and disregarded. 
Tbe real ratea of combuation and evaporation and engine performance, on the teat for 
duty, are shown by the log during tbe forty-eight hours succeeding the Brat twelve 
hours, and this portion only will be considered In this connection. The water waa 
nieaaured in a tank, which was tilled from the delivery main, and it was delivered to 
the boilers in quantiliea of fifty cubic feet. The weight of a cubic toot of the water 
was found to be aiity-lwo and a quarter pounda. It is certain that there could not have 
been an error in the measurement of the water ao great as one per cent. 

Tbe natural draft of the fornacea ia poor. This la lo be accounted for, first, by the 
contracted air space in the gratea ; second, by the length of the horizontal flues rela- 
tively lo the height of the chimney ; and, third, by the location of the pumping station 

Aforced draft was employed, formed aa follows : The ash-pit doors were tightly 
closed, and a cylindrical sheet-iron pipe, fourteen iochea in diameter, was inserted Into 
tlie side wall of the asb-pit under each imller. These pipes turned upward outside the 
walla, and rose to the height of five feet. Their diameter at the top was sixteen inches, 
and they were contracted to a diameter of six laches in the middle of their vertical 
Ir-ngth. A steam jet was brought from the boiler in a three-quarter Inch pipe, con. 
tracted at the end lo half an inch, and terminating in an orilice one-eighth of au inch 
in diameter, located centrally in this air pipe, about n, foot below the top, Tbe force of 
the eteam waa regulated by a valve In tbe balf-lnch pipe. The induced air current wao 
sU that could be desired, and only a small portion of the full force of the jet was 

The performance of these boilera uaturallv attracts atteullon to thia method of fore 
log the draft. It is obvious that the use of the steam jet must involve a loss, lirat of 
the heat contained in the ateam used, and, second, from the dissociation of its gasea, 
which latter only, at the most, could be made good by their com{dete recomb I nation. 
The j^l may, however, in addition to inducing a suBieient draft of air, help to a more 
intimate commingling of the oxygen and carbon In the combustion chamber, and ao to a 
more perfect combuation. 

It waa not found practicable to lake the temperature of Ibe escaping gaaes in any 
uilsfactory manner, but there can be no doubt that they were to much cooled, that in 
piaaing back over the top. being there farther cooled by radiation, they rather cansed a 
loM than a gain ot heat In the boilers. The arrangement of the tubes waa adapted to 
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CLTCulatioD, and thf eTaporating aarfuce b 



1 sCeuu space n 



of tbe boilers wbh ia fact gietXet than the dut; 
,ter condensed in tlie iteun jackets was being coniin- 
be evaporated again, and no account could be ikkee of 



allow the beet 

The evaporative perft 
shown In tlie table, since the 
nallj returned tu the boilers, 
Its amount. 

This will ba found described in detail in the description of the engines. It is a met- 
ter of regret that the full evaporative dut; of the boilers could not be ascertained 

TABLB No. 2. ^M 

DlUEKSIONB AKD Pehfobuabcb OP BOtLEHt. ^^M 

Type of boiler, c;liiulrical tubular. 

Number of boilers 2 

Dlametsr " 66 I&diM. 

Length " -. 18 feet. 

Kuiuberof tubes in each boiler 87 

External diameter of lubes " 8 inches. 

Arrangamemt of tubes, horizontal and vertical rows. 

Least distance between tubes and shell of boiler 4.5 inches. 

Helglit of crown of boiler aboves tubes 24 inches. 

Eestln); surface in bolli boilers, 'as follows : 

One half tlie shells, 311; tubes, 2,460; total 3,771 aq. (eel. 

Famace, width 6 feet. 

depth 5.7.1 feel. 

lengib of opening between grftte bare. , S fesl. 

" " these openings aocoveted 4.25 teed 

width of eacti grata t>ar 1.7S InekHi 

" width of air spaces .5 inoiiM.. 

square feet of grata area, under both bolters 51 

of which the proportion In air space is onlj .23 

Horizontal flues, as follows: 

Three times the length of each boiler 54 feet. 

From wall between boilers to chimney 24 feet. 

Total 

Internal diameter of common fine and chlome; 

Height of chimney above tlue 

Square feet of heating surface for each one square foot of grate area S4.3 

Square feet of heating surface for each Indicated horse-power 

Perforuakcs uf Boilbrb, ok the Test for Dett, 48 hodbs, OssBRTATn 
35 TO 131. 

Coal burned I8,8«0Ib«. 

" " per hour, on each one square foot of grate 6.9 VM.M 

Water eTsporated 160,961 lbs, ,1 

" * by combustion of one pound of coal 9.98 9 

f Aremge temperature of feed water. 71.S4 

pressure of ateam, by gauge 78.88 H 

Untuber of thertnal units contained in one pound of steam 1,211.1 

Equivalent evaporation from 213°, under one atmosphere lD.91Cd 

Evaporation per hour from each one square foot of heating surface. . l.mn 
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PEItFOHKABCB ON THE TBST OKDKR Plim PnsaSUBE, hours, OBiKRTAXIONB 

137 TO H7. 

Coal burned 3,800 lbs. 

" per hour, on each one square foot of grate ID.BS IbH. 

Water evaporated 33,000 

" " by combustion of ona |>oand of coal 8 07 lbs. 

Average presiare of ateaio, by gnugB 72.00 lbs. 

EvBpoDL^rin per hour from each one square foot of heating anrface, . 1.38 lbs. 

It will be observed tbat the boilers were disproportionately large, and the high 
dui; was obtained from them at a siow rate of combustion, and a very slow rate of 
eraporatloo. 

The lest under Are pressure was short ; but tlie tog Bliom anmistakabij a falling oft 
ot twelve and a half per cent, lu the evsparative ef&ciencv of the boilers, when the 
greater pressure was put oa the draft, rec|uired lo produce nearly aiily per cent, more 
rapid combustion. This, liowever, is still moderate, and the evapontion per square 
foot ot heating surface is still small. The performance of the boilers ought to have 
improved, loetead of failing; off. 

I nm inclined lo attribute this loss of eiSciency, as the force of the draft is Increased, 
to the eices»ive width of the grate bars, which is three and a half VlmeB that of the 
air spaces between them. As the velocity at the air currents is Increased, the cciuibioa- 
tion with the carbon must from this cause become less complete. 1 recommecd that the 
gnto bare be changed. The coal was anthracite, supplied by the Delaware & Hudson 
Cantti Co., and contained considerable slate ; but, as will be seen from my first report, 
care was taken to get rid of all that. It burned freely, and mode very little clinker. 

SECOND.— THE ENGINES. 

These are the horliontal compound-cylinder engines, of the type designed by Mr. H. 
F. Usahlii. The novel feature by which this type of engine is distinguished, is the loca- 
tion of the htgti-pressure cylinder on the top of the low-pressure cylinder, giving the 
■hurt sleam commanlcation mentioned iu mj first report. 

This arrangement requires the pistons in the two cylinders to move in opposite direc- 
tions. TliesH are conoecled with each other, and the pressure of steam upon them is 
transmitted 10 the plunger of the pump in the following manner : The latter is set In 
line with the low-pressure cylinder, and so receives tlie thrust produced by the pressure 
Id that cylinder directly. The low-pressure piston is provided with two rods, which ant 
extended lu the length of ten feet to the crosa-bcad bj which the; are connected to thu 
rod of the pump plunger. Midway in their length, another cross-head is secured upon 
Ihem, which runs on a guide. The rod from the high'pressure piston is keyed into a 
cross-head corresponding to this. The connection between these cross-heads is made by 
means of a short vertical beam and connecting links, through which also the force ex- 
erted in the high-pressure cylinder is transmitted. 

A shaft carrying a 'fly-wheel revolves in bearings which are set upon the delivery 
chambers of the two pumps. The two engines are connectei) through this shaft by 
means of cranks set on either end of it, at right angles with each other, and connecting 
rods from these crauks to the upper ends of the beams. The cranks determine the 
length of the stroke, control the movements of the pistons and plungers, maintaining 
those of the two engines and pumps In a constant relation with each other, and glv« 

lo the high-pressure cylinders by double-seated poppet valves, 
trodaced into the motion ot ibeee valves, which Is adjustable 




{ 



to CDt the iteini off M an; point in tbe length of the Mrole, The point of cut-oST miT 

be filed by band, or by tbe action of the governor when tlie latter ia thrown loio gear, 
Tbe governor Is constructed to be ojierated by chang-es in the preasnre of water In the 
delivery mftin, and acta to correct these changes by raryiog the point o( ctlt-off, and 
IhuB the Bpeod of the engine, in accordance with the varlatione In the demand for 

The communicating valves between the high and low-preBBUre cylinders and the 
eihauBt valvea are gridiron slides. 

All the cylinders and their heada are steam-jacketed. The water formed by con - 
denaatlon in tbe jackets is returned to tbe boilers in the following manner : The jackets 
blow directly Into a small healer. The feed-water Is conducted through this beater in 
a two-loch coil pipe. A separate pump receives its supply from the bottom of this 
heater, and sends the hot water forward to unite in the feed-pipe with tlte new water. 
which has been already partially <varmed in passing through the coil in the healer. 
This is a restoration to the boilers of that portion of the heat supplied by ibem to the 
jackets, which bad not been imparted trOQi the jackets to the steam in the cvlinders. 
The restoration Is effected very well, except that the stuffing-box of the pump has no 
special provision for retaining hot water, and leaks sutliciently to make au appreciable 

There is no provision for preventlDR steam from blowing along with the water trolu 
the jackets into tbe heater. A valve was put Inlo the drain-pipe, bj partially closing 
which the full pressure was maintained in the jackets, and only a pressure of about 
twenty pounds was allowed in the healer. This was all that the situation admitted of, 
and it could not be known how much steam passed with the condensed water into the 
heater. Had it been practicable to attach an apparatus by which all the steam would 
have been kept back, and only the condensed water been allowed to pass, il would then 
have been easy, as it was desirable, by taking the teraperatare of the feed- water as ii 
entered the boilers, to have known, very nearly at least, the quantity of bteam con- 
densed in tbe jackets. Since, however, the coil feed-water pipe in the heater acted as 
a surface condenser, and il was impossible to determine how much steam from the jack- 
ets was condensed by it, it seemed Idle to take this temperature, which would rather 
lead to confusion than give any information. 

The knowledge of the amount of heat imparted by the jackets would alone, how- 
ever, give au eisggeraled idea of the gain from their use, since there can be no doubt 
that they are most efficient in evaporating moisture contained in tbe steam at the 
lime when It is passing directly Into the condeuser. The only satisfactory mode of 
determining the amount of ihe gain would be by a oompariBon of tbe results of this 
trial with those of another one, conducted with equal care, In wlilcb the steam was 
entirely shut ofl from tbe jackets, Such a trial is not suggested. 

The following table. No. 3. gives the dimensious of the cylinders, and the next table, 
No, 4, shows tbe performance of the engines on the test for duty. Table No, !> gWea an 
analysis of the work done in tbe cylinders, and a comparison of this wilh the work 
done In delivering water, in eight examples. Tlio observations selected, at representing 
a probable average, were those taken at the middle of each interval of six hours, Il 
WBs found necessary to subslilule No. 33 in plHce of No, 31. as at the time of taking the 
latter there was an exceptional fall of steam pressure for that part of tbe test. 
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TABLE No. 8. 
Ctiinder DtUBNeiORs. 

Distance between ceatere ol cf Hudera 46.6 Incites. 

Lenglli of stroke In all cjlindera 3S inches. 

Number of bigh-prettUK c^liDdeni 3 

IHuaeMT " " " 21 Inches. 

'■ " " plalon-rodH S Inches. 

Area of escli piston, average of both faces 343.88 aq, inches. 

Piston displacement 13,342 cubic inches. 

Waste room. In cleaTiince aod pasBagee 494 cubic inches. 

Proportion which this adds to piston displacement ,04 

Addition to length swept through by piston 1.44 inches. 

ToUl amount of displacement and waste mom 7.43B cubic feet. 

Number of low-presauro cylinders 

Diameter " " '" 

Number of tods in each piston 2 

Diameter " " " 3,5 inches. 

Area at each piston, average at both faces 1 .375.8 square inches. 

Piston displacement 49,538.8 cubic inches. 

Waste room in clearance and passages \M^ cubic inches. 

Proportion which this adds to piston displaoement .0372 

.Addition to length swept through by piston .879 inches. 

Tntal amount of dispiacemeul and waste room 39.443 cubic feet. 

Proportion which Is added by this waste room U> the total 

opacity of hig-li- pressure cylinder ,105 

TABLE No. 4. 
Perform*.(jck of Ehginbs OS Fortt-bioht Hoor Test for Dorr. 

Average numlier of revolutions made per minute 19.87 

Average pia[oQ speed. In feet, '■ ■' 116.93 

Pressure of the atmosphere, in pounds on the square Inch 14.0 

Average horae-powent eierted in high -pressure cylinders I0B.8 

low •' ■' 76.03 

toul 185.7S 

Pounds of coai burned per hour 351 . 

'■ " horse-power per hour 1.9 

Pounds of water evaporated per hour 8,250. 

" " horse-power per hour 17.5 

" " " liour tor each horse-power exerted In the 

high-pressure cylinders 30. 

Total average bach-pressure in high-pressure cylinders, pounds 13.5 

Pounds at water per hour accounted for by indicator : 

1st. At point of cut-off iu high-pressure cylinders 3,061. 

Proportion of tlie quantity evaporated .634 

3d, At point of release in low-pressure cylinders 2,880. 

Proportion of the quantity evaporated .886 

Temperature ot the steam in all jackets, degrees 818.7 

" higii-pressure exhaust (average) 304. 

-low '■ '■ 153. 
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TABLE No. 5. 
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I am dlMppolnted in [he reaiiU of iLeae comperiHODB of tlis indicated power with 
Llie asefnl fSect in llie pumps. IrreguIariUes appear, the causes of which, however. 
are obvloas. The fluctuatioas of praasure in the maio, riaing and falling twice during 
each reToIation, to different points and through different periods, rendeied it difflciilt 
> Ai the mean presnure with eiactness, ailhoiigh much care was taken, and, on the 
whole, the errors donhtlesa balanced each other. The chiL-f cause of the discrepancies 
was. Uowt^ver, that in the few minutee—g^ntmilj' about live — thai neceasarily elapsed 
bplween recording the observalioas and comjileting the taking o( four pairs of cytlodcr 
diagrams, the pressure in the main woa sure to change a little from variations In the 
demand for waler. and the pressure in the cylinders would vary in like degree. 

The average msult showa a loss from all causes of .0214 of the indicnted power. 
The 1o99 in the passage of water through ill e valves was .01(1 of the pressure, which 
woald leave only about one-halt of one per cent, for friction of (he tuachinery. This 
frictioa was amall. but the power hist in it wa? a good deal more than that. 

The average water pressure in these selected cases was 8U. Ill ll)s. The real average 
during the forlj.elglil liours teat for dul; was Sifi7 lbs, I have aasumed this error to 
afford a measure of a corresponding error in the Indicated power eierted, and have 
accordingly increased this tioni 182.0 horse-powers, the measure of the diagrams, lo 
1S3.TS bar»e-powers. wliicli I atisuine to be the average {lower really exerted during the 

The (our pairs of engine diagrama. No. 108, are given as lair esamples- Two 
theoretical curves are drawn on them. Of these, the up|>er one is the isotliermal 
curve, representing the Mariolte law of rxpanaion, which, on account of llie readiness 
wIiU which ihe height of its ordinates can be determined. Is employed as the standard 
reicrence curve for indicator diagrams. The lower curve Is the curve showing equal 

I weigLls (if steam U ibe differeol deng)ti»g. TbU falls about midway between (lie 
i&otUermal and an imaginary curve, not shown here, which is known is the odiabstio 
enrre, or curve of no irnnstnisslon, and which represents the expansion of steam in a 
cylinder formed of a non-conducting material, impelling a similar piston that moves 

I wjthoiit friction, so that the steam neither receives nor imparts heat, but only loses that 

I which is converted into work. This curve used to repreaenl the pressure varying as 
the reciprocal of the sevenleenth power of the slTleenlh mot of the (ipace occupied hy 

' tbe steam, but this is now changed to the tenth power of the ninth root, nearly. 

One ot these highpreaaure diagrams, and the corresponding low-pressure diagram, 
. designated by the lellera L P, have been combined lo lorin the diagram prefixed to tiiis 

I report [pp. 30^1], which represents the eipansion of the stuain through the (wo cylinders. 
The facts of practical consequence learned from these diagrams, in addition to the 
demonstration which they afford of the eiDellent working of the valve gear of these 
engines, are the following, as obtained from the enomination of all the diagrama. 
Tiieae facts are not at all peculiar to these engines, but they would be equally true of 
all engines working undr-r Binillar conditions, namely, at the same piston 6i)eed, equally 
well steam Jacketed, wilh the same pressure and hack -pressure, and cutting off* at the 
same point in a stroke of the same length : 

Firtt. A little more than one third of all the steam evaporated in the boilers Is con- 
densed as it enters Ihe high-pressure cylinders, and eilsts in tlie state of water at the 

' point of ciit-ofl. The eiscl proportion is .368 ot the whole. This compuution is not 

' iffected by ihe steam condensed in the jackets. The water tlius formud, being in these 
engines returned directly to the boilers, may be considered as a separate body of water 
tiaually drculating in this manner, sod so not affecting the quantity supplied lo ihe 
bollera, but only bringing to the cylinders continually an additional supply of heat. 
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Bvaporttion of water formed lij 
fe-lialt ol Ihe a Imvo mentioned 
il the HQii uE tbe stroke. 



Second During the eipanaloii iu the liigh-pressure eylladera. In addition to tl- 
ivereion of lieai iuto mechaDical work, aboi 
was reiivaporated. increasing very much ll 
pteasure a 

Third. All thelieat contained in the eteani I>eforelt entered iheBe cylindera, wltli i 
that WM Imparted to It from the JBCketa wbile there, except only the amall portii 
convened Into work, paaaed into the low-prrssure cylindera, and thence It, togetli 
with that received from the low-pressure cylinder jackets, all uxcept tUat which w 
there converted Into work, passed into the condensers. 
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th. Wben tbe comma dI cat! one to the low-preasnre c^llnden were opened, a fall 
sur«- 1q tbe blgh- pressure cvlindera to the aiuoont of t<'a per cent, waa 
itely Dpcessary, in order to Rll tlie waHle room in those cjlindt-ra ; all fall of pres- 
food that amount, at that point, nu caused by coodensatloa of tlie steam in 
; those cjlindecs. 

I. This loss is afterward ni^e good by reeraporHtioD in the low-pressure cylln- 
d something more, so that at the end of the stroke 88,ft per cent, of tbe water 
I to the boilers is present in the state of stesm, and only 11.4 per cent. Is in the 
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Sixth. The most important fact dlBcloaed !■, tliat the earlier the cat-ofi in tbe hi| 
pressare cylinders, and M tlie luwer llie point reached by tlie eipanatoa, the leas t 
be tlie proportion of tlie steam condenaed iti entering the low-preesura cjllDders, 
seema that tlie jacketB c&Q maintain these at onlj a moderate temperatare, and.thi 
tore, the higher thepresaare at nhicli tlie steam la eihausted into tUem the greater 
quantity tliat ia inBtantlj condenBed, There vas some want of uniformity In 
results, and a difference in tiiia respect hetween the two engines that I cannot acco 
for, as 1 made eure that 'he valves were all tlghO; but the above fact very cln 
appears. It nas well Illustrated dnriag the fire test, when the steam was allowei 
follow the pistons nearly to the end of the stroke. Thus, in diagrams t«k«n from 
right-hand en^na, No. 00, the tall at one end of the cylinder, from a terminal preM 
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rartemi ponnda abore the aimmpliere, was Tour aad a quarter pouDda, and at the 
reml, froni a termiiiBl pressure ol twelvi- jioudds. tlie fall was four pounds, Bliowing 
a fiouDd and B lialf lout bj condetiHalkiii * ^rliile diagrama No. 141 elii"* at nbu end. 
I a terminal preasiira of fitiv-iwo pounda above the atraogpliere, a fall of fifteen 
ids, BDd at the other end, from a terminal preaauTe of forly-aeven pouoda, a fall of 
nt(«n pounds. 

"he lof 1-liand engine, In diagrama No, 40, ahows at one end. with a terminal pressure 
fteen pounds, a full of seven pounds, and at ihe other end. with a terminal pressure 
ighteen pounds, a fall of eight pounds; but in diagraniH No. 141. with a terminal 
ot flftj pounds at one end. It shows a fall of twelve pounds, and at the other 
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end, nitb & icrmiDal preMore of fifty-oae poands, it sliovs b fall of twenty-three pounds. 

ThBBB diRgraniB have not been engraved. 

It may be laid down as a general rule tliiit the higher the termlnnl preMure in the 

first cylinder the greater is the Iohs sulTerKd t>/ the steam in passing into the second 
cfliuder. The pressure falls bec&ute the supplj 
of steam In the high pressure cylinder ia limitvl 
While this fall affords a mMsare o( the heit 
lost at that point, it suggests what the condenn- 
tiou of the entering steam must be in cyllnden 
in which, although their surfaces have just bera 
exposed to the same cool vapor, the prcuur* 
does not fall, because the supply ot sleam ii 
□□limited. 

It will be seen that the degree of eeoaoui; 
attained, although eicellent when judged bj 
existing standards, is still far short of that which 
engines ot this character are capable of ; that 
the economy in the high-praasu re cylinders, taken 
alone, is inferior to that obtained in fitst-clan 
n on. condensing engines: and that further econ- 
omy is to be ol)lBined by preventing. In a greater 
degree than at present, the transfer ot heat Irum 
the steam in the steam-pipe to the comlenser 
without doing work. This can be done either by 
einplojing a higher piston speed or by inodeniie 
supurheailng of the steam. A cmmbinitiau of 
these would, doubtless, effect a further IneretM 
of from twenty per cent, to twenty-Sve per oeaL 
in the duty obtained. 

THIRD.— THE PDMPS. 
These are borizontal double-acting plunger 
pumps, the plunger working through a dia- 
phragiu separating the two chambers, and at« 
constructed on the multiple- valve system. Their 
dimensions and performance are given in the 
(allowing Ishle- 

Duciiig the test for duty and a part of the fin 
pressure teal, their speed very much exceeded 
that re(]uired to supply the demand for wuar. 
The excess of water delivered was got Hd of 
partly by opening hydrants and partly through 
the relief valve. 

Tho pressure in the supply chambers was got 
by the indicator, with a spring showing- twelve 
poanda to the inch. The pencil described the figure shown in diagrani No, 6, which 
affords an 'interesting exhibition of the changes in the pressure as momtaitDm la 
imparted or arrested in the current of water. TliB mean pressure, when corrected for 
elevation, was found to be one and oni^-quarter pounds on the square lach at the eeolar 
of the plungers, showing the level of the water from which the supply is drawn to b* 
aboat thirty four inches above this point. 
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t is to be observed, relatively to the fluctuations of pressure, both in the supply 
nber and in the delivery main, and also relatively to the motion of the plungers 
le the valves are closing, that in these pumps this motion, with that of the pistons, 
ontrolled by the cranks, precisely as if it was transmitted through them. The 
'es are assumed to close only as fast as gravity would cause them to fall, although 
lout doubt the reverse current brings them to their seats more quickly than this. 
even on this assumption, the slip is no more than four-tenths of one per cent. 
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The pumpB are provided with by-pass pipes and valves, forming, when the latteraw 
open, a communication between the two chambers of each pump. Their function \i 
this : At the instant of starting, the engines are able to exert only a portion of their 
power, because no steam has yet been admitted to the low-pressure cylinders. Tbe 
pressure of water is liable to be greater than the steam in the high-pressure cylinders 
alone can overcome. 

In such a case the by-pass valves can be opened, when the water flows through them 
into the opposite chambers, the pressure on the opposite ends of the plungers is in a 
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mesEure eqa&lizvd. unil the BQglue Is enabled U> alart. As soon as It is fair); la motion, 
tlieae valv^a are closed. 

They ore availably, alao, when the rnoUoti of the engines rfquired 10 supply the 
demand for water would be so slow that, on accnuut of the liiaufflcieDcj of the Sy- 
wbeel. It could not be maintained nltli the desired regularity, or perhaps not at all. 
Then, by partially opening these valves, the engines are enabled to run faster, and so 
to maiatain their motion saiisfactorily. the excesa of water displaceil by the plangera 
pAssiog through them into the chambers that are being Riled. 

'litis is a somewhat wasteful use at steam, but otherwise the eipedient Is not 
objectionable. 

The diagrams are eiact reproductions of the originals. 

To these diagrams from the pumps an addition must be made of one pound in each 
forty pounds. a.i the indicator spriugs are corrected for the temperature of SIS", and at 
the temperature of the water are loo strong in the above degree. 



TABLE No. fi. 



DlUBKBIONB A 



> Pesformancb of Pomps. 



Kumher of pumps 

Aggregate length of the two chambers in each pump. . 

Width 

Height " ■■ ,. 

Capacity of each pump chamber. Id cubic feel 

Diameter of plunger. Inches 



7 feet S laches. 
2 feel 3 inches. 
2 feet tl inches. 









Area of plunger, mean of two faces, squi 

Stroke of plunger, inches S 

Displacement of plunger, in cubic feet 

ingallons i 

Number of double strokes of each plaoger per minute I 

He&a velocity of plunger, in feet, per miante 11 

Nwnberof valves acting together 8 

D ameter of each valve-opening. Inches 

Total area opened by valves, square inches II 

Lift of each valve, inches 

Mean velocity of water through valves. In (set, per second. . 

Weight of each valve, pounds 

■• '■ ■' " for each one square loch of opening, 

pounds 

Sesiatance to current on each one square Inch of opening. 

pounds , 

Total \oeM of eEBclenc; In pounds on square inch (.4ie+.S6)X3= 

UeaD excess of pressure in the delivery main, pounds on 

square inch 8 

Proportion of power lost in passage through valves 

Time occupied by valves in closing, seconds . . , 

Motion of plunger while valves are closing. Inches 

Proportion of stroke lost in closing of both admission and 

delivery valves 

Nrt dalivery from both pumps per double stroke, gallons. . . Ill 

" " '■ " "' " " iwunds. .■. 1,58 
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Delivery per day at eighteen refolatiooB per mln ate, gallons. 4.934.800. 

Niimbar ot double Btrokes made JQ 4S-lioar test 55.770. 

Net foot-pounds ot work done on uoli double stroke 3O0,S^. 

by cooHumfilion of 100 lbs. of 

coal ,,. 102,340,000. 

FOURTH.— TEST OF PUMPS L'.N'DEli FIRE PRESSURE. 

This test, ao far as the punipiog maclilnerv is concerned, was of an entirely saUl- 
fautory cburacler. The log, frotn observation >'o. 137 to observation No. 147 tuelann, 
shows the purformauce during this teat. At the inatanc of one o'clock, aa will be 
Been, the water pressure had only begun to rise, but it reached one hundred and forty 
pounds in a very few minutes. 

I have given my conclusions from this tftal full}- in ray 6rst report, and have nothing 

One of my asaistanla nccoinpauled Dr. Bodgman, ot your Board, and under bi> 
directions applied a pressure gauge to a uumlKr of hydrauts while the fire pr«sian 
was luainlalned at the station. The pressuree shown are exhibited in the following 
table, So. 7. It is. of course, understood that pressure at the hydrant is the only thing 
that determines the force of a stream of water through any given hose and noule. 

On the previous day, I applied the gauge to the hydrant at tlie pumping station, aod 
found the pressur'^ in it to be the same as shown in the pumps, with the allowuica for 
the difEerunce of level. 

TAI'.LE No, 7. 
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Uughbory Water Works 350 ft. 

Walton aod Broadway— See Note 1 303 " 


138.5 Iba. 
73 ■■ 
80 '• 
88 ■■ 
BO " 

100 ■■ 

oe ■■ 

0! " 
02 >■ 
93 •' 
08 ■' 


la&aibL 
e8.s " 










West Congress and Broadway-See Note 4 , 378 ■■ 

Franklin and WiishiDgloD ^ 300 " 

Ash and South Franklin 301 '■ 

Circular and Union Avenue i 301 " 

Qeorge and Nelson * ' 2011 " 

Caroline and Regent 20.^ ■■ 


100 ■■ 
113 •■ 
109 ■' 
lOB •' 
113 ■■ 
113 ■■ 



iidwar tMlow ■•iMWj 



FIFTH— THE DOMESTIC SERVICE. 
At llie doie of (lie Are preaaure teat, the apeed »nd pressure were reduced to tboM 
reqaiied far tbe domeatic service, and a record of the pertormancH o( tLe inaclilaery 
WKS kept for fourteea hours. (Observalions 11^ to IT.'i.) DuriiiK this time Iht: speed 
TBried, •ccording to the demaod for water, from fivt revolutiuDs to nearly «!ight revo. 
itioDs per mlnuie. One wonders where so much water is used during (be ulghc. 
Krspecting the fluctuations of pressure, it will be obaerved that on tha teat for duty 
these rarely elceedi^d live pounds, and sometimes fell to three pounds, and two and one- 
half pounds, aud one to two pounds; but that during the Gre pressure test they ranged 
higher, although the speed wbb aliout the same, and tliat on the domestic service, when 
the speed was reduced, tlie fluctuations were from ten to twelve pounds. The cause of 
B increased ductuation was thai the steam was all this time permitted W follow the 
piston nearly to the end of the stroke. The uniformity of rotative efFect from llm 
steaui pressure Is most nearly approiimated in double engines when the steam is 
ofl at about the half-atroke, or earlier. The tmproved regularity of the pressure 
be main during the teat for duty was produced by cutting off the ateam, as 
sbowD in the diagrams. Iliad proved ibis before. On mjlirst visit to the engines, 
cat-ofi' was not in gear, and the fluctuations were from ten to twelve pounds. At 
suggestion, the engineer set the valve gear to cut.offat about one-half stroke, when 
the flucinations fell to about Ave pounds, and did not exceed this in the day. lime after- 
ward. Regularity as well as economy will be promoted by working the steam eipan- 
ly in the high. pressure i^ylinders. A good degree of regularity la not, however, at 
present attainable by any means when the engines are moving very slowly. 

SIXTH,— THE USE OF A SINGLE ENGINE. 
The experiments with the engines were concljded by disconnecting one engine, by 
removing its connectiog rod, and running the other engine and pump alone for two 
Lours. AlthongU this ran at double speed, slill it halted on each center badly, and llie 
QacluatioQS of pressure were from twelve to fifteen pounds. I should judge 'thai in 
the night, or during the wioter, when the motion le slow, with the present light fly- 
wheel there would be a liability to stoppage on the centers, should it ever become 
necessary tu use one engine alone. While being run in Ibis way It stopped, twice, on 
being shut down, just before reaching the ceor<-r, and then It appeared that provision 
not been made for this emergency, snd considerable delay was aufTered while 
ral men were exerting themselvea to gi^t it over. The changes suggested In my 
report will remedj' these defects, which are at present a blemish on an engine so 
excellent in every other respect that I regret exceedingly having thus to qualify what 
otherwise must be entire commendation. Very respectfuHy, 

New York, July 28, 188a CBAS, T. PORTER. 



RacoRD OF AvKUAOB Duty ov thb Fcrst Oabkill Pihpimo Enqinr at Saratoga 
Spruos, N. T., on Reoulab Dak-v Sbiivicb, ab Kbpt by tbb Ensihkbrs in 
Chabgb, David L, Holland asd Oeobgb F, Bacon. 

A»eTW<» duty for the year 1884 I0C,4S5,987 

:89') 101,71X1,644 

. 1880 lOS e40.SS0 

1H87 108,818.873 

1889 108,401.880 

1889 107.67(1,411 

Average duly for the six years, liga red direct from total coal consumed, 
with no dedueiioDs whatever for ashes, steam for heating, f- -'' — 



purposes . . 



. 105.910,739 
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REPOKT OF PROF. T. C. MENDEXHALL, 
Pkksident Ohio State ITxivehsitv. 

(StPKllINTENDENT COiBT AND GEODETIC SUHVKT. WABaiNGTON, D. C, ISSB.) 



To thi Trvetees of the Water Works 

Gentlbusn — CoQCerniDg Ilie teeti 
nKeutlj pat in placi 
follon-B : 



Ohio State Uhitebsiti, 
CoiiDKBDB, 0.. April ID. 1384. 



tbe new Oaakill Pamplng Engine, wtileb w 
tlie Water Works in tills c\\j, 1 have the hooot to report 



Bj jour contract witU the Holly Manufacturing Co., lliia engine was guaranteed U 
come up to a speclGc standard in tlie [lerformance of its work before being DDallf 
iccepted. D\\i teal vhs for tlie purpostt of delermiulng nlietber or not it wu Is 
•ceordance witli the gnarantee, and 1 was invited by you to be present, and to takesud 
notes and make aiicb obBerratloiiM as would enable lue to calculate tbe duty of tbe 
engine. Bccording to tlie conditions speciGed In tbe conttact, Wltb yotir permisstoii I 
invited S. W, Robinson, Professor of Mechanical Engineering, and F. H. Eldridgl, 
Pi o feasor of Sisam Eo gin earing of the Ohio Stale University, to be present and Udis 
charge of such parts of the testa OH they might select. Professor Robinson wu only 
able to be present « port of the lime, but Professor Eldrldge mas present the entire dlj. 
and had direct supervision of such observations as were made In the boiler n 
additloD, eight or ten students In the Universlly volunteered their services and rendered 
invaluable assistance in making the continuous seiiea of records. 

Tbe regular tests were begun at 10 a. u., on February 23, 1884. M tbe end of ei 
period of two hours the water iirid coal accounts were carefully " squared up," a 



L Useir. This was dooeia 
J might not destroy the value o( n 
re regularly couipleied by 4 P. U. 
g, was disturbed b,T a firealarm, daring 
time at about 12l)pi>unda per eqoara 
e kept lip, liowf ver, and the n 



- each period ot tlint length mny be considered a 
order that any interruption by an alarm of lir< 
than two houta' work. Three auch periods we 
fonrth, whlcb was only one and a half boors lonj 
which the pressure was mBlntnined for a short 
inch, The regular readings and tveighinga wer 

given with those of previous hours in tlie accompaojing tables. The response to the 
alarm was very pronipl. tlie high pressure having been reached In less than one tntnnte 
nfter the stroke of the gong. Although the pressure fluctuated somewhat both at tbo 
beginning and end of the high pressure period, the whole disturbance was so short thai 
it is not believed that the Integrity of the results was materially inlerferred with. 

Although not involved in the regukr teats, the question cif the uniformity ot motion 
of the fly. wheel during a sicgle revolution was examined. For this purpMe, oneof 
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Ibe sliftria commu&lmiDg motion to llie valvm 
vitli tLe umin aliaft. bdiI U reproduced iLe mol 
diBmelrr of tliia Bliaft w&h aliout fnarinchea. 
wilU paper, wUicii was smoked over lis entin 



IS made ufe of, as ibrough gearing 
of tlie Uy-wheel very eiactlj. Tlie 
bout a fout of Its lenglll was covered 
surface. A tuning fork maUing about 



e hundred vibrstloos per Becoud wis arranged so that n liglil style • 
of one of its prongs would impinge upon tUe surface of tbe smoked paptr, and at tlio 
nime lima tlm fork could be givtu a fairlj uniform motion In ilie direction of the axia 
uf the sbaft. In this way 1 La vibrations of the fork were written upon the paper 
during several levolutlooH of the shaft. , The paper being then removed, the Tarlntions 
in ilie angular veioelt)' of the shaft could be easily examined. This waa done, of 
coursp, by couuling the number »f viL>rations ivritlcu upon a given licear space around 
dilTereilt parts of the abult. Several sheets were prepared in this way, and an eiami. 
DBtioD of them revealed a alight periodlo varialloa In speed, the uiiiouut of which 
depended on llie S|>eed of the engine. At the rate of running during the moat of the 
lUue of the tests, the deviation from regularLly was very small. 

The following table will exhibit the obaervations made during the teite with com- 
puiBiloos of duty based upon them. For the arrangement and reduction of these 
niiserraliaus. I am indtbted In Mr E. H. Mark, who wad pri^auut during the tests and 
■asjflled in uaklug and recording observatious. 
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Number of hours le 
" pounda 



SUMMARY. 

t nilhout Hre preiiBQre 

wiib ■■ '■ 

if coal consumed in 6 liours' teat . 



:;ii- 



aslieB produ( 
" ■■ walor Bvnporaled " o " " 

'K " ■■ 

N amber of ponndB of water evaporated for 100 pounds cokI consumed 
in 6 houre last 

Namlier of pouods of water evaporated tor 100 pounda coal consumed 
in 7t^ hours' test 

Number of gsilooH of water pumped per revolution 

" rHTolutions lu G hours' teat 



5,5(15. 



Total number of gallons pumped 
Gauge nomber of galloUB per h 
Duty from rt houra' test 



nflUouis'teat S.109.237 

" TW ■• 8,685,332. 

)urfor6houta'^eBt 381.53a ■> 

" 7>i ■' " 356.0M.J 

110.600.000. 

118,400,003. 

In Bdditiou to the observations recorded above, a large numbt^r of indicated diagniM 
from the Bttam c:yllndt:ra and from the pumps were taten b; means of ioEtramAito 
kindly furnialied by PtotesHor Robinson, Mr. Curtis, of the P., C. A St. L. RV, Mr. F. 
VI. Holly, of the Holly Manufacturing Co,, and Mr. Lanphe&r, then a studetit inth* 
Ohio State Univeraii.v. These cards coneliiute a very interesting series, which wIS 
doubllesB give much valuable information concerning the working of the machinl, 
when they are properly worked up. At the date of preparation of this report this hw 
not been done, on account of lack of time. The results, however, could have nothlof 
to do with the <!)aeation to be afttled b; these trUls, as the eondiilons □( the contrwl 
ftssamed a certain action of Ihu pumps, aa well as a deSnlte evaporation per pound of 
fuel. The asBumplion ia that the pumps throw their full capacity at every stroke, Mid 
that the fuel Is consuoied at the rale of one pound of conl to ten pounds of water 
evaporated. On this basis (he duty of the engine as shown above is calculated, Tht 
rate of evaporation assumed is not excessive, and has often been exceeded. That tlM 
actual evaporation (which was determined by neighing the water on its wa; to the 
boiler) was not more than half this amoiyit per pound of coat is no fault of the engin*, 
bat Indicates a lack of efHciency in the boilers. 

Concerning the slip in the pumps, It may be assumed to be less than two &nd OIM- 
half per cent., as it was actually found to be in a trial of a precisely similar engine it 
Memphis la 1082. hy Mr. John W, Uill. lo the above calculations no allowance U 
made tor frictidhel resistance. Under similar contracts the allowaace for this ha* be<i 
required and made by adding two pounds to the indicated pressure. If this were dont, 
it would doubtless fully compensate for the loss tor the slip in the pumps. 

The duty, as shown tor the last period of oue hour and a half, is doubtless somewlul 
loo high, undae weight being given to the high pressure readings during the briif 
period in which Sre pressure was maintained. The results, taken altogether, oonclD' 
lively prove, however, that the performance of the engine was about 85 per cent, abort 
that guaranteed by the tenuB of the contract. 

I wish to express my personal obligations to your Superintendent, Mr. Rojce, and to 
Mr. Kllroy, your Chief Engineer, as well as to the members of your Board, for tl» 
readineas and williDgneaa with which everything was done which might facilltato tha 
labor of those engaged in making the tests. 1 have the honor to be 
Yours respecttullj, 

T. C, MENDEITH.\LL. 



BURJ.IXGTON, N. J. 

October, 1 884. 



EEPORT OF HENRY P. M. BIRKINBINE, C. E. 



The engine on wbicli llie folloiring leat nas made was of tho GftskiU Campound 
«7pe, but of ihe smallest size built, and ^rilh UDJickcted Rteam cylinders ; aad tlia duty 
abtKined is considered \>j tlia builders aa all that could lie expected frum so small a 
machine operating at so slow a piston i)V'^e<l. Ths sliortnesB of the trials was due to 
tli« fact that at llie time they were madu the supply of water was not sufficient to allow 
«f a longer conUnuona run. This tlie englnet-r autea to be tlie caat! in liis re|>ort. 



The pumping engine fnrniHlied br Tlie Holly Manufacturing Company, of Lockport, 
H. v.. for Ibe Burlington Water Works, wbh submitted In a test for duty and capacity 
October 38tli and SDtli, 1884. 

The manner of proceeding was not as preciae and accurate in every detail as conld 
have been pursued, yet the results may be taken bb sufficiently correct to enable a 
practirs! decision as to tlie ability of the pnniping apparatus to fulfill the contract. 

At the commencement of the test Ihe engine was in operation, steam op to working 
pressure and the fire in a (air ooidllion. This, the engineer of the works, Mr, John 
Crook, was directed to observe carefully, and also to ao conduct the firing as lo leave it 
In as aeai the saine condition aa practicable whi>n the tests were concluded. 

While there may hare been a possibility of error in the judgment of your engineer 
M> the condition of the fire, at the beginning and dose oC the test, yet from his long 
Mlperience as an engineer it may be acCBpted aa practically correct. 

All the coal supplied to the flra during the teat was carefully weighed, the height 
Of the water in the bailer marked on the gauge, and the water pumped into it was 
paaseid through a meter and the quantity measured. 

The Test could not be continued oa long as it was desired, on account of the new 
oonnection with the river not b^ing completed. The supply of water for the pumps 
liad to be taken from the old pump-well, and this was aeveral timea interrupted by 
masoQ of the screen becoming choked by floating matter. 

The results, however, are so tar altore the contract guarantee that these matters of 
fonible error may be dismissed. By the terms of the contract the Commissioners could 
demand k oontinuons test of six days. This was not thought advisable, aa it would 
fcaT0 nude It necessary to allow at least 1,260.000 gallons to be wasted each day, and 



would kave requited a correBpondlng waste of conl. It there were any doultt uf tli» 
ability of Ibe macbliier]' to tuHII the demaudB of the CDUtraet, this long test niigbt br 
Insisted apou, but witb the targe margin in favor of the engine it was not duemud 



th« 



Tie 



The following tables exhibit the obeervittloos made during the teat. 

These were made at tnterrala of fifteen minutes, for the prussare of the stei 
the engine and the water at tlie pumps, the vacuum, the Dumber of levolutious < 
engine, and the (juantity of water furniELed to the boiler. 

At intervali" of an hour the &lage of llle water iu the well was meaanred. 
temperature of the water in the river and that of tlie feed water were also Doted. 

The llriug was dopH by your oog-ineer. Mr Jolin Crook, and was moat admirabi; 
conducted, the steam and walc^r beiug uiaintaiued witli but triUiDg variations, and Ihi 
coal used was judiciously applied. ^H 



— Qkkeral Observations. 
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Mean presHure In pouDda on pumpa 

Mean depth of water below the gauge 

Total number of revolutions 

Total cubic feet of water ted to the boiler, aa per ir 
Total number pounds of coal delivered at boiler. . . 

Pounds of coal not consumed 

Ponnda of coal conaumed 



S4.7U 
16.73e.lMl. 
e,4S0 

set 
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TABLE 2.— Qbneral OnasitTATiosB. ^H 
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Qallons of water per revolution id 

(2X 12.12 5* X .785 4Mg.l25* X .7854) X 18^ ^ „ .^^ 
QoT X 3 = 3o.48o7. 

Pounds per revolution is : 

(2 X 12.12 5* X .7854)-<2.125» X 7854) X 18 X «2.377 ^ ^ ^^ ,^, 
" ; 1728 — X « = «vu.4i«l 

Ulh'Y. 

54.714. mean pressure of pump gauge. 

6450 revolutions. 

62 377 pounds, weight per cubic foot. 

54.714X144 



02.877 



= 126^09 



feet head above gauge. 

Mean lift below gauge from well. 16.729 feet. 

143.088 feet, total lift. 

295.4921 X 0450= 1.905,624.045 = total pounds of water pumped. 

Duty as per contract is : 

» 

1.905.924.045 X 143.08 8 _ 

350.526 -777,<44 

pounds of water raised one foot per pound of coal, or 77,770,400 x>oiixid8 per 10 
pounds of coal; evaporation, 10 pounds. 
Duty as per actual evaporation is : 

1.905.924.045X143.038 



420 



= 649,094 



pounds of water raised one foot per pound of coal, or 64,909,400 pounds per 1(^ 
pounds of coal. 

Qallons of water pumped per minute, as per table - 
195 minutes duration of test. 
6,450 revolutions made. 
35.4867 gallons per revolution, as above. 

35.4367X6.450 ,,.,.-„. 
19o 

gallons per minute, and 1172.137 X 14 iO = 1.687,877 gallons in 24 hours. 



TABLE 2. 

Temperature of feed water and weight per cubic loot same as for Table 1. 
52. 75 cubic feet evaporated. 
372 pounds of coal consumed. 

EVAPORATION. 

62.04 X 52.75 



3,, = 8.79 



pounds of water per pound of coal. 



bet bead above gauges on pntup. 
klean lltt belnw gaugtj from n 



ir per revolution and weiglit par cubic fool *s before.' 
lH«3|>lil*= 113.4736 



750.058 



= 18.5416 fee 
Ua.OI52 feel loisl lift of pur . 

205.4021 X 8300 = 1,851,600.23 = toWl poandBof water pumped. 
Duty as per contract U : 

1 ,801.000 .23 X lB 2,0ia2 _ 
337^261 

pounds of water raised one foot per pound of cosl, or 75,096,800 pounda pei 
pounds of coal ; evaporation, 10 pounds. 

I Gallons of water pumped per minute as per Table. 
17Q minutes durstiun of test, 
ASOO revolutions made, 
■■",4367 gallons par revolution, as before. 

35.4367 X 0300 _ 



176 



1,390.469 



; per minute, and I.280.-109 X 1440 = 1,868,276 gaUona in 24 boi 
Uutv as per actual evaporation, 8,7Q pounds, 

per pound of coal, or 66,0fl4.300 pounds per 100 pounds of coal. 



ultaof tlie trial : 

I Duty, ai per trial 76,435,100 pounds. 

"Buty, as per contract 66,000,000 pounda, 

lOapacily. as per trial 1.773.076 gallons. 

toapacity. as par contract 1 ,600,000 gallona. 

I The caicalatioDB for quantity of water delivered are baaed upou the capavitj of the 
lipuiupa. evlimated by tlie displacement of the plunger, wilhout any allowance for 
|«ahage ur Ions of any kind. As llie pumps are new and the valves and packing in 
|0od condition, tills will probably amount to but a small fraction. A generous allow- 
e for loss can be made and tbe pumps still perform the guaranteed duty. 
It will 1x1 noticed tliat tbe quantity delivered was in excess of tbe guarantee, but 
H« tests do not sbow bow much ibe pumps can pump, as the supply to the well 
through tbe old pump was inadequate. There will be nu dtf&culty in runulug the 
yiim)>s nl a speed uf 30 per cent, above what was done during the test and pnmplng a 
•orrFspoodlDg increased quintity of water. Nor is there any dilBculty in exceeding 
llie maxtmnm pressure for Gre purposes to the same extent. 
Keapectfully submitted, 
{Signed] HENRY P. M, BIRKINBINB, 

Consulting Engineer. 
PiiiL-inKLPiiiA, Pa., October 31, 1834. 
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REPORT OF JOHN W. HILL, M. E- 



To tht Bontrc^U Board of Water Commiatioaeri of the City of Bitffhlo : LonsP. 
Reichert, Jambs Btan, G. W. MiLLGit, 

Qkbtlbmen: — I have Ihe hoDor to report to 70Q upon the perfonnftnce of tlie Gw- 
kill Cuin|)ouiid PumpiDg Elngine recuntlj erected in your lower pump-liouae by the 
Holly ManufacluHag Company, of Lockport, N. Y., us follows: 

The engine in of tlie liorizontal beam rotative type, ccmpound condensing, and b 
really Ino independent and complete ^nglnea coupled — witli craiikfi at quarters upon 
tbe shaft — with one fly.wlieel coramon to both. 

The higb-preesure steam cylluders are placed above and parallel with the low-preawre 
steam cyliaders, wkli their pistons moving in opposite directiona. 

Each half of the engine contains one lilgh-pressure steam cylinder, one totr-pKssuta 
•iteau cylinder and one double-acting plunger-pump, with central packed gland. 

Tlie steam cylinders are jacketed sides and heads. 

The pumps are in line with the low-pressnre cjliaders. with stiff coDoecUou be- 
tween tlie low-pressure pistons and the plungers. The housiugj which support tke 
engine beams are placed bf<tweeii the pump and ntf^am cvliudets, witli the bearing) for 
beam centers midway between the cenler line of high and low-preasuro iteam cylinden. 

The upper pins of the engine beams are connected by meane of short linki to llie 
pins of the eros'4. heads of high -pressure pistons, and the lower pins of tliebeftmtHc 
similarly connected lo the pins of the cross heads of low-pressure pistons. 

The power developed In the liigb pre^nure cylinders Is tmnsmittiid through the 
engine beams to the pump plungers, and Ibe power developed in the low-preMara 
cylinders la transmitted to the pump- plungers direct through stiff oonneellons. 

The low-pressure steam cylinders, housings for the beam tentera, and pump barrsti 
■re lied, and bmced together upon the horiionial cenler Unas of the several juria. 

The dimensions of steam cylinders taken from contractor's specificatioiis are u 
follows ; 

High -pressure cyliodots 83* dUm. 

Low-pressure cylinders Kfl* diul, 

The diameters of plungers, plunger-rods and strokes of plungers and low-pioMniK 
pistons, were carefully meafured after the duly trial by the writei and found to U af 
follows . 
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Eoglue '• A," diam. plunger, incLea 34.03 

Engine "A." diHm. pluogef-rod. Inches 6. Of, 

EoKine " A," stroke of plunger itnd low'pceasure pisxon, IncLeu 4T.ST5 

* Engine" B." diam. plunger, inches 34.08 

Engine" B," diain. pluDger-roii, inclies 6.00 

Engine " B,'' stroke o/ plunger and low-preBBure piston, Inelies 47.73 

The baiters suppl jing steam lo tliR engine were rurnisbed by the contractor and fonn 
pan of hiB general plant, and are of ihe following dlmenaionB obtained from con- 
racEor's BpecI6cationa : 
Style of boilers, return tubular. 

□iber of boiteis 6 

Diameter of boilers, incbes Oft 

Length of boUers, feet 18 

Tubrs, number SO 

>es, diameter, inchea 8}^ 

Tubes, effective length, feet 18 

Steua domes, one to each boiler, diauieter, Inahea S3 

Steam domes, one to each boiler, helglit, Incbes 42 

Main steam pipe lo engine, diameter, inchea 10 

The contractor's guarantees are : 

Fim. A delivery of 10,000,000 IT. S. Standard ^llona per diem of 94 hoars, 
■l^auiBt a head of 18S feet above water pressure gaiiRe, with a piston speed of 120 feet 
p«r minute. 

Seeond. A duty of engine and boilers as a plant, of 100.000,000 foot pounds for 
each 100 pounds of coal consumed, with a cteam pressure of SD pounds. 

Third. A duty of engine and boilers as a plant, of 90,000,000 foot poundi tor 
each 100 poQuds ol conl consumed, with a steam pressure of 80 pounds, for 1800 hours 
operation during a period of 00 days, as required hy your printed speciScalion dated 
September 27th, 13^. 

The compliance of the machinery with the Grst and second of these guarantees it 
has been my duty to investigate and report on. The compliance of the machinery 
with the third guarantee being otherwise provided fur in your printed specificatjoo 
noted above. 

The reqairements of your printed speciGcation under which ibn machinery was 
famished are -. 

Firtt, A capacity triai of 24 hours duration. 

Second. A duty trial of 48 hours to follow the capaeiiy trial without stopping the 
machinery. 

TAiril. A working trial of 1,900 hours i.i be accomplished within the timits of 
ihne months opeiatloa of the machinery. 

The working trial to commence within two weeks of the completion of duty and 
capacity trials. 

The capacity trial of 34 hours duration began at 10.30 a. m. Tuesday. December Ul, 
and I«niiinated at 10.30 a. v. Wednesday, December 2d, with the following results ; 
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Coanter on engiae, 10.30 a. u., December Ist 878,079. 

Counter on eDgiDfl, 10.30 A. M., December Sd 400,078. 

Bevolutloas on engine !□ 24 hours Sl,S9&i 

RevDlulioBB or engloe per hour 91S.8SS 

Revolullonsof engine ptr minule 15.87708 

Mean ar» plunger " A " engine : 

34.02' X 7654— ?lX_°.i™^ = 8B4.854 sq. inches. 

Mean area plunger " B " engine : 

34.03' X (1.7851— - ^ " "^''^ = 895,888 sq. incliea. 



Strolie o( plunger, " A" engine, (eel 8. 9895 

Stroke of pi n nger, " B " engine, feet 3.9787 

TliB printed specification requires the capacitiea ot ilie pumps to be estimated b' 
the following formula, in wLidi tlie eiSciencf of the pumps la taken at 0,97 or vrilll au 
alloTTBace of 3 per cent. " (ur loss uf action due la lliu probable imperfect Ulling of (lie 
pumps. " 

Q=145.123XAXNXS, 
in which 

Q=dsllverf of pumps In U. S. gallons per diem of 24 hours. 
145. lS3=a constant representing the effective capacltj of pomps per sq. Inch of plnngtr 
for a travel of one foot per minute tor a period o( 24 hours and is obtained •■ follom: 
IX 13 X 1440 X 2 X 0.07 ^ ,^ ^.,^ 

A=Ibe sum of the effective areas of all the pomp-plnogers in sq, Inefaea. 

894.8.-)4+805,388= 1790,243 
N=aTerBge revolutions of engine or double strokes of pump-plungers, per minuts, 

15,27708 
S = average strokes of bolh pump- plungers. In feet, 

and deliver; of pump during capacity trial was 

li = 145-132x1790.212x15,27708x3,9831 = 18,809.078.617 gaUons tor b period of 

84 hours. 

But the eootraet requires a dailj deliver; of 15,000.000 gallons at a piston epe«d ol 

120 feet, or -■■-'-■ -. = 15.06385 ravolutions per minute, whence the capacity of lbs 

o.VwJlX* 
pumps &t contract speed becomes 145 lS2xl790.242xl5.003«ix:i,B83l ~ lS,S88,aoe,97 
g»UonB. 

Comparing the contractor's guaranlHa and actual performance of the pumpa, 
we have : 
tiuaratiteed capacity in 21 hours at 120 feet piston speed, 

per uiiuuie 16,000.000 galloni 

Actual capBCitf of pumps at a piston speed of 120 feet 

per minute 15,588,206.97 gaUon* 

Excess of capacity over conlraotor's guaranles, per diem. 588,209 97 galloni 

which is nearly four per cent, of guaranteed capacity. 



Sabseqaent to the duly trial &ti extra trial for capaclt}' was made for a period of ^^H 

one hoar, during wliicli time tbe eD)(i[ie was operated at an average speed ot 18 ^^H 

ICTDlutious per minute, correapondlag to a da'lj- delivery nf ^^H 

145.SaiX 1700.342X18X3.9331 = 18.626,266.43 g;aUonB, ^H 

BhowiDg an excels Hbove tL« Domioal capacity ot pumps of 3,626,250.43 g&IlonB ^^H 

per diem of ii hours. ^^H 

During the contract capacity trial ot 31 hours, tbe Bieam and water pr«8Hur« ^^H 

^uges were read and recorded every 15 minutea, with the following avaragee : ^^H 

Sle&ni pressure (»t engine), pounda TB.SffiS ^^H 

Error ot gauge 80 .895 ^^H 

Less water column on gauge 2.073 ^^H 

Corrected guage pressure 73.833 ^^^| 

Water pressure by gauge, ponnds 7U.4-137 ^^^| 

Water presaute by gauge, (eet 1B3.3537 ^^M 

Center of water pressure gauge to surface of water in pump-well | J^""^"; ; ^f^ ^M 

Tbe coal burned during the capacity trial of 3-1 hours was weighed on a sealed ^^^| 

■cale in the boiler-room in uniform charges of 375 pouudti to each furnace. ^^H 

Tbe (urnaceg uuder llie four boilers used for the capacity trial were Gred in ^^H 

tutation every IS minutes, with one extra charge uf 370 pounds to No. 1 furnace at ^^^| 

4.03 A. M. Dec. 2d, one eilra charge to same furnace at T.50 A. u. same date, and one ^^^| 

«Ktra charge divided equally between No. 'i and 4 furnaces at 10.0S A, M. Dec. 2d. ^^H 

making a total coniumptlon for 34 htmra of 27.32S pounds, or at the rate of 1134Ji7 ^^M 

pounds per hour. ^^^| 

The trial tot Aa\j begao at 10.30 A. U. Wednesdaj. Dec. 3d, and teroiintted U ^^M 

10.30 A. M, Frldajl, Dec. 4lh. embracing an uninterruped operation uf the maclilnerj ^^^| 

lor a pej'iod of 48 hours, previoua to which time the machinery had operated under ^^H 

conditions of capacity trial for a period of 24 hours, making a total run, without break ^^^| 

for any puriwse whatever, of 73 hours. ^^H 

During the duly trial the sleam and water pressure gauges and the engine counter ^^^| 

were read and recorded every IS minutes. ^^H 

The barometer, tempera la res of air in engine-room. Injection to condenser ^^^| 

«nd hot well were read hourly. ^^H 

The water levels in boilers, steam gaugei on boilers and temperatures of feed ^^H 

irater to boilers were read lialf-houily. ^^^| 

Tbe coal to fnmBce. was weighed in the holler-room in uniform charges of 375 ^^H 

pounds each, and dumped In fronl of the boilers; and during the duty trial tbe ^^H 

tumacea and b'>i]i;rs, uf which three were used, were Sred at Intervals of 15 minutea, ^^H 

in regalar rotation. ^^H 

The lime of Bring each charge to each furnace, the time of cleaning or slicing the ^^1 
respective tires, and tbe weights of ash and clinker from the furnaces were regularly 
entered In the coal record by an asalstonl, sintioned in the boiler-house. 

During the 4U hours of duty trial there were small quantities of coal thrown t>ack 
■t times from the regular charges weighed to the boilers, at the discretion ot the 
«antr&clor. to be used in case of neccessiiy after the cleaning of ftrea. 

Tbe net accuaiulaiious from the quantities ot coal weighed and charged to tbe 

respective furnaces was weighed back and credited in tbe coal record at the end i 

of trial. ■ 

The coal bumsd was of tbe quality furnished tbe pump-house under ihr contract V 

nf your Board with tbe coal dealers, ^^^J 
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TLe partlculnr coal burned duripg the trtnlH was from tlie miaes tit tLe PLitadelpliit 
and RpKdlug B. R. Coal Co. 

Tliis nas fired by tbe regular tireman on watch during llie trials, under tlw ' 
direction of the contractor. 

Tlie difference of surface of water in pump-well and center of water pressure gang* 
was read and recorded hourly from a tloat gauge placed in the pump-well. 

The maoageuient of the macLiner]' was in tlie diacrellon of the conlractor. it being 
mj duty to measure the worli done, the fuel consumed in doing it. and to obaem 
tliat the steam and water pressure! and piston speed of eug-ine complied with th- 
Fontrnctor's stipulated cundilioiiB. 

The following are the results of the trial for " duty " 

Engine counter at 10.80 a. m. December 2d 400,078 

Engine counter at 10.30 a. m. December 4th , 433,345 

llevolulions in 48 hours 43,807 

Revolullons per hour 8BS.14(I 

Revolutionii per minutf 14B1S1 

Piston epeed per minute during 48 hoars of ducj' trial, feet 1I8M8+ 

Mean head by water presstire gauge, IBS readings, pounda 79.700 

Mean difference, ct^nter of water pressure gauge and Burface of water 

,, ifeet 3a.70!S 

m pump-well { , .™ 

»■ i" (pounds 10.809 

Contract allowance (or friction of water passages la pumps, pounds... . 1,000 

Total head as per printed BpeeifltBtion, pounds .'. 01. DOS 

Coal charged to bnilera No. 3, 8 and 5 during 48 hours of duty trial, 193 

eliargea of 2T5 pounds 53,800 

Coal weighed back at 10.30 a.m. Dec. 4th, pounds :.., 992 

Coal burned during trial, pounds Bl,808 

Coal burned per hour, pounds 1,0T9.S3S 

Coal burned per minute, pounds IT.tSM 

And duly obtained ss per fanuula of printed speciRcatlon, 
^ _ 300X A X P X N X S' 



where D — duty in foot f-iunda per hundred pounds of enal. 
A = ■eK'"Pg»te mean urea of puiup- plungers — lTflO.343 sq inches. 
P = mean pressure per sij. inch of pnmp-pluutrers = SJl.005 pounds. 
N = mean revolutions, or double strnite of engine = 14.»lfll per mil 
g = avernge stroke i>f bolh pump. plungers = 8 9831 feet. 

< lT!>n.g43 X ni 1)05 X H.Bini X S.ft«.fl 



D= - 



= 107.638,148,483 



foot povuida 

The average pressure in steiun pipe from 103 reading* of stuam gauge during 

the duty trial was, pounds HO.STt 

Error of gauge, a. 000 pounds ffl.lM 

LtiBs water column on gauge j_|jjj 

Correctred steam pressure, imunda SO.iU 



A guarantee nad the a. 



of llie machinery. 
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GuarBDieed diit; for 100 poundii oF co>l burned 

during 48 bnurs o( contract trial 100 OOOOOO foot pounds 

Actual dat7 per 100 pouuda o( coal burned dur- 
ing 48 Uours of uifil 107.638,148.482 foot pounds 

Exceasof duij over contraotor'a gnarantee 7.638,148.482 foot pounda 

Upon completion of tUe 13 hours operation tor duly and cspncitf trialf, ilie 
bearingH all around tlie engine were eiamintd and none found ivarmed. 

In addition to the data alread/ noted for duty trial, iDdicalor diagrams from all tlio 
Bteam cylinders were taken refrularlj every hour for 48 lioura, and indicator diagrama 
from the pumps were taken liourly during the last 24 lioara of trial. 

Subsequent to the trials for duty and capacity the ateam and water pressure gauges 
were removed from the engine and boilers and compared with an aocurate test gauge 
for correction of errors of readiuga. 

The general performance of cbe engine during the trials was very satisfactory, 
aod I venture tbe opinion that the continuous operation of the machinery will be 
■atiafactory to your Board and be beneHcial to the water deparliDent. 

During Dec. Tth the boilers and furnaces wt-re tested fnr economy, in order to 
separate the work of tbe engine from the work of the boilers, and to compare the 
duty of the engine with the duties obtained from other pumping engines opon the 
basis of an uniform bailer economy. 

TUe resnlte at which, together with a more dalalled report upon the trials of 
mtcbiner]'. I will aubniit at un early date. 

Very obediently yours. 

JOHN W, HILl,. 

Buffalo, S. Y,. Dec. 8ih. 18*'). 
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GENERAL REPORT. 

In the preliminary report, submitted December Stk. upon completion of the trials, 
I confined myaelf to the re<juirenients of the printed a pecili cation and the gnsrantee of 
the builder in his proposition to the Water Commissioners. 

In order that the record of the trials may be mure fully presented to you and othen 
ialert^aled in pumping engines of tbe first class. I have carefully reviewed the data 
taken at Buffalo, and append the following statement of dimensions of tnacliinury and 
nsulla at the several tests of engine and boilera. 



DESrmPTION OF ENGINE. 

Style : — Compound condensing, iienm roiative. cylinders and pnmps arranged horl- 
iontally, high-pressure cylinders over low-pressure cylinders, low-pressure cylinders In 
line with the pumps, steam cylinders, jacketed heads and sidta ; pumjis, double-acting 
plunger, central packed gland ; beam armnged vertically, with end pins connected by 
tbort links with croas-beiids of high and low-pressure pistons ; single shaft and fly- 
wheel, with two cranks at ciuarters ; one high-pressure steam cylinder, one low-pressure 
■teun cylinder, ond one [lump to each hulf of engine. 
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DIMESSIOSS OF ENGINE. 

eTBAM tVLI.NDEHB. 

H. P. cjlindere (2), dlameiar. inclies 

L. P. cyliuders (3), diaineter, iDcliea 

H. P. piBton rods [single], diameter, iQcUeH 4.5 

L. P. plBlon tode [double], diBineter, Inches S. 

BlToke H. P. and L. P. piBlona— engine " A " 47.873 

Blroke H. P. and L. P. pistona— engine " B " 47,73 

StEBiu cyliudem [4] jacketed. 

Bleam cyUoderB, heads [8] jacketed. 

Clearance H. P, and L. P. cylinders 0,085 

STEAM VALVES AND PORTS. 

Cut-off valves, atyle, double-beal puppet. 

Cut-off valves, diameter, upper Beat, Inches 9.1SS 

Cut-off valves, diameter, Inwerseat, iucliea 7.875 

Cut-oS valves, lift. Inches 11.78 

Cut-off' valves. area of opening, sq. Incliea 40.09t 

Intermediate valves, dtyle, gridiron sUdea. 

Intermediate valves. 5 openings in seat 1* X 18* 

Intermediate vnlvee, area of openings, sq. Inches 65. 

Exhaust valvei"; style, gridiron slides. 

Eiliaust valves, 10 open Id gH in seal I'X '8* 

Eihaust valves, area of openings, sq, inches 130. 

Steam pons H, P. cylinders 3' X H' 

Steam ports H. P. cyilnders, area, sq, inches 33, 

Intermediate ports, from H. P. to L. P. cyllndetB , 3.5"x30' 

Inlerincdiate ports, area, sq. inclisB 70. 

Elhaiisl porta L. P. cylinders 8.8- X 37.8*' 

Exhaust porta L. P. cylinders, area, sq. Inches 131,3^ 

CONDENSERS AND AIR F 

Condensers, style "jet." 

Condensers, number 

Condensers, diameter, inclies 

Condensers, height, inches 

Air pumps, style, single-acting. 

Air pumps, nnniber 

Air pumps, diameter, inches 

Air pnmps, stroke, inches 

Exhaust pipe to condenser, diameter, inches 

Injection pipe to condenser, diameter, Inches 

STEAM PIPES. 

Main sleam pipe, diameter, inches 

Main ateam jiipe, length, feet 

Branch steam pipe [3] diameter, inches 
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Id the main atram pipe nt the engine 
is i>I&Cfd a quick' acliDg, lotativa 
pipe there is one open way screw valve. 

Riglit angle bends In main steam pipe 

Th« steam pipe la provided with ■' variation '" ..r ei 
penaate for alteratloua of length at ditTerenl ti 






BEAMS, CRANKS, SIIiFT AND FLY-WHEEL. 

Benuia. one to each aide [A and B] of engine. 

iieaiua, uenler lo center of end pins, ioehes 78.5 

BeaniB, center benriogs 12" X 21' 

Beams, upper end pins 7° X H' 

Beams, lower end pins 7" X 8" 

Crank pins [3] 8 S° X lO.O* 

Oaiik shaft, dlametsr, at S7- wheel, Inches 16.9 

Crank shaft, diameter, at beai:Dgs, inches -. 15.0 

Fly-wheel, diameter, feet 20.0 

Fiy wheel, weight, tons 25. 

Total weight of engine, pounds 700,000. 

FEED PUMPS. 

The lieam shaft upon each side of engine has a prolongation— of reduced 
diameter— inwards, towards center line between the two sides of 
eogioe. TlitB gliRft is prnvidrd Willi a standHrd boarin^ neur lU 
Inner end, and has keyeil to It two Bmall. equal armed ben in a. the 
larger of which works the air pumps, and the smaller works the 
boiler feed pumps. 

E'eed Pumps, style, single-acting plunger. 

Peetl Pumps, number 4. 

T'eed Pumps, diameter, inches 6. 

Peed PampB, stroke, iochea 11. 

PUMPS, 

X^umps. style, double-acting plunger with centra! packed gland. 

X'umpB, number 8. 

I'Qinps, diameter, plunger" A," inches 34 02 

X'umpB, diameter, plunger "B." inches 34 08 

S'uiDpe. diameter, plunger-rods [2], Inchea fl. 

l*uiiipB, stroke plunger '■ A," inchea 47.S75 

X'ump}, stroke plunger -B," inches 47,73 

*The pump valves are of vulcanized rubber set in composition shells, with 
an upwardly projecting stem guided in the hub of a cage which 
serewB down over the outside of valve seat. The valve aaats are oT 
composition, screwed into the diaphragms of vitlve chambers, with- 
out bridges or ribs, and presenting an unobstructed circular water- 
way when the valvo riaes from the seat. 

Pnmp ralvcHi sets lo each pump 4. 

Pump valves, number iu each set 2S3 
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Pamp valves, dlnmeler at opening in aeat, inches 1.3123 

Pump valves, diunei«r oC rultbur disk, icchee 1 .TS 

Pump valves, tliicknesa of rubber'diak, inubes 0.5 

Pump valves, lid, inchea 0.3IK 

Pump valves, area iLmugh sentB, one sat, sq. incLeH .. . 340. USO 

Pump vnlvea, ureu tbrougU wnlerway at ^^ Incb lift, sq, inches 43-3.U5'J 

SDCTION AXD DlSCaARGE PIPES. 

Principal suction pipe, diameter, inches 3C. 

Branch auciion pipe [2], diameter, Inches 30. 

Piineipat discharge pipe, diameter, inches 30. 

Branch discbargB pipe [3]. diameter, Inches 30. ^^_ 

Slop valves in both braucliea of suction and discliirge pipei>. ^^^M 

CALCULATED DATA. ^H 

Volume nf high pressure cylinder, including clearance, cu. ft 24.0241? 

Volume of low-pressure cylinder, iiicludtug clearance and clearance of 

biEh-priwBure cylinder, cu. ft BT.Oift'i 

Ratio volume of low-pressure to volume of high -pressure cylinder , 4.03ST 

Volome of displacement, L. P. pistons [3], per hour, daring 48 hours of 

duty trial cQ. ft 338,801 .i 

Volume of clearance, L, P. cylinders [2], per bour, during 48 hours of 

duly trial cu. ft 8,422.3 

Velocity of flow per second for the water through pump valves for a 

plunger travel of 120 feet per miuute. ft 3.6628 

Displacement of both pump plungers per revolution of engine, galls . . . 743. 8S8 

BOILERS. 

The boilers turniaiied by the contractor as part of his plant are of the return tubu- 
lar type, set in iudtpeudenl furnncea. with independent smoke, steam and feed water 
Gonneotions, whereby any one or more of the boilers may be operated or laid off at will 
without InterferSng with the operation uf the remainder of the battery. 

The boilers are set to have three transits of the hot gas for the full length of shell, 
oncB under the shell, thence forward Ihrongh the tubes, and finally hack over the top or 
shells to the main Hue at the rear end ot setting. There are sli boilers In the batterr 
ot the following dimensiona : 

Diameter of ahells, inches 

Length of shells, feet 

Tabes, number 

Tubes, diameter, outside Inches 

Tubes, length, feet 

(in.U, length of bars, inches ^I^ 

Gnte, width of fnrnuce [each] test ^J 

:iteam dome, one to each boiler, diameter, inches 

Slenm dome, one to each boiler, height, inches 

Heating surface, ehell 104,507 

Heating surface, tubes 13111. 4T2 

Besting surface, heads 18.413 

Total, one boiler, sq. fi 1502.3 
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Super-heating surface, one boiler, sq. ft 90.206 

Orate surface, one boiler, sq. ft 84. 

Ratio heating to grate surface 44. 188 

Cross-section of tubes, sq. ft 4.261 

Ratio grate surface to cross-section of tubes 7.979 

(irate to boiler, front, inches 82. 

Orate to boiler, back, inches 80. 

Grate to boiler, floor of ash pit, inches 20. 

Bridge wall concentric to boiler shell. 

Bridge wall to boiler shell, inches 6. 

Chimney, cross-section, 8' X 8" sq. ft 64. 

Chimney, height, ft 125. 

In constructing the furnace fronts of the boiler setting, the contractor has provided 
a double set of fire doors, one immediately above the grate level, and the other about 
A}4 inches above the first, for charging and cleaning fires, which enables the fireman to 
distribute the coal over the grate to better advantage than through the usual single 
bank of doors at grate level, and to slice and clean fires through the lower doors with- 
out exposing the heated shell of the boiler to the chilling currents of cold air entering 
the furnace. 

The chimney is immense for the present number of boilers, and entirely out of pro- 
portion to the number used in the trials for " capacity," "duty," and for test of econ- 
omy of boilers, which were four for the first trial and three for each of the others, 
respectively. 

During the duty trial and trial for economy of boilers with three boilers in use, a 
chimney 4 feet, 6 inches square, would have given better results in economy than the 
present stack. 

I regard the stack as ample for 15 to 18 boilers of same size. 

CAPACITY AND DUTY TRIALS. 

The complete records of data, owing to the duration of trials and frequency of obser- 
vation, are too cumbersome for publication, and are only useful as showing the uni- 
formity of conditions under which the engine and boilers were worked. 

Complete tables of data are therefore omitted, and the first and last readings and 
averages at the several stations of observation alone are given. 

CAPACITY TRIAL. 

This trial lasted 24 hours, during which interval of time the following data was 
taken : 

Steam gauge boilers No. 1 , No. 2, No. 8 and No. 4, water gauges same boilers, and 
temperature of feed water to boilers at beginning and end of trial and regularly at half, 
hourly intervals between, with the following results : 

Steam pressures at 10.80 a. m. Dec. 1st, 1885 : 

BoUers No. 1. No. 2. No. 8. No. 4. 

Pressure by gauge 87.00 83.00 81.00 83.00 

Correction -2.50 +0.5 -f-2.00 -+- 1.00 

Corrected pressure 84.50 83.50 83.00 84.00 
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Steam pressares at 10.80 a. m. Dec. 2d, 1885 : 

Pressure by gauge 86.00 82.00 80.00 82.00 

Corrected pressure 83.50 82.50 82.00 83.00 

Steam pressure average for 24 hours, 49 readings : 

Boilers No. 1. No. 2. No. 8. No. 4. 

Pressure by gauge 84.74 80.8 79.406 81.09 

Corrected pressure 82.24 81.3 81.406 82.09 

WATER GAUGES. 

Levels in inches above lower nuts on glass tubei at 10.80 a. m. Dec Ist, 1885 : 

Boilers .' No. 1. No. 2. No. 3. No.4 

Levels 7.25 5 5 5 25 5. 

23.00 inches. 
Levels at 10.30 a. m. Dec. 2d : 

Boilers No. 1. No. 2. No. 8. No. 4. 

Levels 5.75 6.00 4.75 3.75 

20.25 inches. 

TEMPERATURE OF FEED WATER. 

Dec. 1. Dec. 2. Average. 

10.30 A. M. 10.30 A. M. for 24 hours (4d readingsl 

186.0 197.0 198.75 

During the capacity trial the coal was weighed in uniform charges of 275 pounds by 
an officer of the water department, upon a new sealed scale placed in the boiler-room, 
and charged to the furnace in which it wa^ finally burned. 

For this trial furnaces and boilers No. 1, No. 2, No. 3 and No. 4 were used. 

From previous experiments with the plant it was found that under the customarr 
conditions of work the consumption of coal was about 1100 pounds per hour, wliicU 
divided between four furnaces made the charge to a furnace for one hour consumption 
275 pounds. 

The firings were fixed at regular intervals of 15 minutes, in uniform rotation, as per 
the following extract from the coal weigher's records : 

Date, December 1st, 1885, — a. m. 

Time. Furnace 1. Furnace 2. Furnace 8. Furnace 4. 

10.30 275 

.45 275 

12.00 275 

.15 275 

.80 275 

.45 275 

1.00 275 

.15 275 

.80 275 

The furnaces had been fired in the following order previous to commencement of 
trial : 

" No. 1, 15 minutes before ; No. 2, 30 minutes before ; No. 8, 45 minutes before ; No. 
4; one hour. 



This order of eonaamptlon wu obaerTud throughont the trikl, excepting nt 4 o'clock 
A. u. Dee. 2il. no eitrachargs ot 37S pounds tras delivered to No. 1 fiiTnace. and at 4 19 
A. M. ,or a qaailer hour later, it took its re^ilar cliarge nf 37.5 ptiundB', again at 7.50 a.m , 
same date, this Furnace (N>, \) raiguireii an extra charge at 370 pounds in addltinn in 
its regular cliargo at 7 1-1 -^ m.; and at 10,03 a. m a eliargo of 275 pounds was equally 
div'ded l)etween furnaces Xn. 3 aud i^o. 4. mnklog total coDsuniptlon of coal : 

Re^olar eUar^a. M. ot 375 pounda, 28.400 

Estrachtugfs, 3, of 575 pounds 8S5 

Total 27^25 

The Gres wers cUaned io the following order : 
Parnaee No, !. Furnace No, 2. Furnace No, 3. Furnace No. i. 

Dee. lit— 6,18 p. m. 6.03 p. u. HAff r m 8,38 p m. 

Dec 2d— 13.13 A. M. 1.08 .4. m. 13,4S a, v, 1.33 a, m 

■■ " 7 50 a. M 3.00 A. u, 8.48 a. M 7 33 a. m 

Ash, clinller aod uuburnt coal tillered through the grates irere weighed back iis 

At 1.15 A. M. December 2d 1264 pounds 

At 7,43 i. «. December 3d 522 pounds 

At 8,05 A, M. December 2d il05 poun'ie 

Total : 3001 poandr- 

Percentage ot nou-combuBtible tor capBclty test. 

The records of the engine-room consisted of tlie rftadingfl of engine counter, steam 
gauge in pipi^. water gauge connected with the force main everr lifteeu niinutt-s ; tem- 
perature ot air, injection to condensers, and nvertlow from hot well and barometer 
boarljr ; and the reading of vacuum gauge half-hourlj. wlili the following initial and 
ftnal readings and averages : 

Readings at 1030 a.m. Dec, 1st: 
Steam prea. Coanler. Waier pres. Vacuum. 

80 378fl79 80 M5.7B 

Corrected , 
79.B28 

Beadioga at 10 30 a. m. Dec, 2d : 
Sleam prea. C!ounter, Water pres. Vacaum. 

80 400,078 80 20,28 

Corrected, 
78.928 

Mean for 24 hoars : 
Sleam prea. Counter Water pres. Vacnnm. 

117 readings, fi" readings, 97 readings. 49 readiHK^, 

78,885 31.000 78,4427 28.001 

Corrected, fievolutions. 



Bevolatlona fo 24 hou 
Bavolotions per hour. . 
Bevalulions per minai 



97709 ^^M 
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The initial and final readings and means for 24 hours of the hourly readings are 
given in the following table : 

At 10.30 A. M. Dec. Ist : 
Air. Barometer. 

66 29.73 

At 10.30 A. M. Dec. 2d : 
Air. Barometer. 



ro 



29.50 



Injection. 
44 


Hot Well 
105 


Injection. 
44 


Hoi Well. 
102 


Injection. 

25 readings. 

43.83 


Hot Well. 
25 readings, 
99.875 



Mean for 24 hours : 
Air. Barometer. 

25 readings, 25 readings 

08.083 29.671 

Recapitulation of averages and totals for boiler and engine-room during 24 houn 
of capacity trial : 

82.24 

81.30 

81.406 

82.09 

81.759 

193.75 

27;325. 

2,691. 

78.823 

26.091 

79.4427 

68.083 

43.83 

99.8*5 

29.671 



Steam pressure at boilerg — No. 1, pounds 

No. 2, pounds . . . . 
No. 3, pounds . . . . 
No. 4, pouods . . . . 

Average of all gauges, pounds 

Temperature of feed water 

Total coal burned, pounds 

Total ash and clinker weighed back, pounds . 

Steam pressure at engine, pounds 

Vacuum, inches 

Water pressure by gauge, pounds . 

Temperature of air, Fahr 

Temperature of injection water, Fahr . 

Temperature of overflow from hot well, Fahr 

Barometer, inches 



The mean difference of center or water pressure gauge and surface of water in 
])ump-well from random readings of the float gauge, during the capacity trial, was 
24.5 feet = 10,652 pounds ; and total head under which pumps worked, according 
to requirement of j)rinted specification: 

By water pressure gauge, pounds 79.4427 

By difference water pressure gauge and surface of water in pump well,. 

pounds 10.655^ 

By allowance for friction, pounds 1 .0000 

Total head, pounds 91.0947 

and duty developed during capacity trial : 

(A) (S) (P) (R) 
100 X 895.121 X 3.9831 X 4 X 91 0947 X 21.1)99 _ .^ o-« oaq m 
27225 lU4,W7e,^63 Ol 

(C) 
foot pounds. 

During the latter part of the 24-hour capacity trial the contractor decided to use 
but three boilers for the trial for duty, and at 10.30 a. m. Dec. 2d, No. 1 boiler was cut 
off by closing the steam valve, feed cock and damper. 
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Under the printed specification I am of tlie opinion that the contractor coald have 
elected anj well-known anthracite coal for the purpose of his daty trials, and as 
here are several brands the combostible of which is considerably higher than that 
ictually burned daring the trial, he might have selected one of these and improved 
lis duty accordingly. 

The Qse of the ordinary stock coal commonly burned at the pump house shows 
rreat faith upon the part of the contractor in the ability of his machinery to comply 
trith the guarantees of the contract, the conditions of which, compared with most trials 
for high duty, would be regarded as very unfavorable. 

There are several brands of antharacite, the efficiency of which when properly 
turned under steam boilers is 94 to 95 per cent, of the weight of the coal, and had 
:he contractor required coal of this kind his duty would have been increased in the 
ratio of 95 or 94 to 90.1157, or the duty of the capacity trial would have been 

10M78^8.01J<W ^ 109,501,104.92 

90.1157 xv«7,uvA,xv:».i7* 

Toot pounds per 100 pounds of coal. 

During the extra capacity trial, which was made as a test of the possible speed 
>f engine in case of emergency, the steam and water pressure gauges and engine 
counter were read every five minutes, with the following averages : 

Steam pressure at engine, corrected, pounds 83.086 

Water pressure, pounds 65.5 

Uevolutions for one hour 1080. 

Revolutions per minute 18. 

DUTY TRIAL. 

The final readings at the different stations for the capacity trial under the 
requirements of the printed specification, became the initial readings for the 48-hour 
duty trial, and were as follows, for beginning and ending of trial and as an average 
for whole trial of 48 hours duration. 



Dec. 2, Dec. 4, 
STATIONS. 

10.30 A. M. 10..%) A. M. 

I 
I 

Steam pressure at boilers — No. 2 82.5 83.5 

No. 3 82.0 84.0 

No.4 83.0 84.0 

\Vater level in boilers— No. 2 6. 6.25 

No. 8 4.75 6.5 

No.4 3.75 4.75 

Temp, of feed water to boilers 197.0 i 178. 

Engine counter 400.078 443.045 

Steam pressure at engine 79.938 81 .928 

Vacuum 2625 * 26.00 

M-ater pressure 80.00 79.00 

Difference levels of water pres. gauge and 

surface of water in pomp-well 21 .475 24 . 425 ft 

Temp, air engine-room 70.0 73.0 

Temp, injection water 44.0 420 

Temp, overflow from hoi well 99.0 92.0 

Barometer 29.56 29.19 



I 



Averag* 
for 48 hoan. 



82.817 
83.651 
83.286 



186.661 
42.967 
80.204 
25.975 
79.70 

23.702 
70.177 
43.437 
92.760 
29.149 
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Tlie coal was burned daring tlie 48 hoars of contract duty trial and daring tUe Mtr» 
hour ol trial (added lo avoid a poralble redactloa of the Bree at end of 48 houral in Ihr 
same maon^r as (or tbe previous 24 hours of capacitj' trial, In uniform chargm of ITS 
pounds, and tiring tlie furnaces respectiveir at intervals ot IS a 

For the 4S-49 linurs of duty trial [urnaeea No. 2, N.,. 3 and Xo. 4 were used.buraicr 
tbo fiamir coal jipr hour on three grates aa were previously burned on four gnia 
during the capacity trial, 

Tha [oar farnacea in use for Iliu capacity trial represootod aa aggregate area 
grate surface of 136 square fe«t,und the coal burned per hour 1100 pounde. and then 
ot TOUBamption pet square foot of grate surface 
1100 



136, 



= 8.09 pounds per hour. 



The three furnaces tn use tor the duty trial represented an aggregate area ot gnu 
surface of 103 square teet. and the ooal burned per hour fur iS hours 1079.333 ponlub. 
and the rale of coosumiilion per square foot of grate aurfaee 



pounds pet hour. 

For the 49 hoars of duty trial the coal waa burned ou 
hours previous, at the rate ot 1070.755 pounds per hour, 
1070.755 



me grate mrface tot 



IIW 



= 10.580 pounds per square toot ot grate. 



During the 4f hours ot duty trial there was weighed up and charged 275 pouDdi>if 
coal for every 10 minutes interval of the time, each one ot the three furnaces and 
rttoeiving a charge every 45 minutes. 

From the charges, at the discrellon of the contractor, small quantities were lUnn 
back Into a bjiace alloted for the purpose, to Iw drawn upon In the event ot the » 
pressors going down during the operation of cleaning lires. 

Portions of tills coal were so used at diSerent times, and the remainder waa wslgliiJ 
back and deducted from gross coal charged up to 10.30 a. m. Dec. 4th. For the M 
hour ot trial 1100 pounds were used. 

The worit ot the machinery for this hour was not a part of the duty trial rrq 
under the printed specification. 

The duly for 41^ hours ot duly trial developed by ilie formula it the printed ipMll- 
cation is given in the preliminary report as 107,638,148.483 foot potinda per IW 
pounds of coal burned uoder the boilers. 

The duty for the entire 40 hours of trial is deduced from (he tollowlng data ; 

Engine counter at 10,30 a, m. Dec. 2d 400,(^8. 

Engine counter al 11.30 \. U. Dec. 4th 443.638, 

Bevolutiona tor 49 hours, ,. iSJiSk 

Head pumped against, by water pressure gauge, mean of 197 readings TS.W 

Difference center of water prusanre gauge and surface of water in pump- 
well, mean of 50 readings. 23,71 W fent lOJU 

Contract allowance tor friction of water puMges of patnps 

Total head, pounds WIJR 
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be co«l burned during- 40 hours wu 190 charges of STS poaDdii. QS.HnO. 

BW wirigh«d back « 10.30 a. «., Dec. 4tli 882 

*l f»«l coniumpd, pounds S3,{K)d. 

\t*t> area of bolL plangee, sqnsre inelies , 8US.131 

Blrobe of bolh plaDgers. feet . H 9831 

«l».iaiX3.l«lg4><4».»X.».999 ^ ,^„,^^^^ 

t pouBds per baodred pounds of caa,\ burned. 

It Is eLwtrbere showD In this report thst ihe coal burned during th« 48^9 boars of 

y trial contained 10.367 purtcnt, of non-combustible, and that this coal was from the 

rk in the coal boaaes of the puitiping atatlon at tliue of trial : tlmt It was tliH coal 
urtiUbed the water departnicni bv ilie coal deakrs under their yearly contract. 

In addition to which, it was laken as it came, without attempt to improve its quality 
r oulilD){ out Interior specimens, dirt or stone. 

Under the printed epecificaUons, I am of the opinion that the contractor could have 
imaodad any one of several well-known brands of antbraclto coal, which from many 
siH of their quality have shown an elBclency of combustible of 04 to 95 per oant of 
le original weights, and improved liia duty accordingly. 

Bslimatintc the duty with coal showing nol more than sii per cent, of non.couibusti- 

sot pound* per 100 pounds of coat. 

It li)i« bewn cuBMm&ry of late years to assume goon ooiler performance, with good 
Ml and skilled fireman, at an evaporation of ten pounds of steam per pound of coal 
rum temperature of feed water, and 1 have lunde several trials of steanv boilers with 
Dtbrsdte Bud bituminous coal, with temperatures of feed water at 160 Fabrenlieit or 
Bore, and in one instance with a temperature of feed water of 107 Fahrenbelt, and 
btained over ten pounds net steam per pound of ciial burned. 

In Bifvtinil modem Inslauces of contracts for pumping engines, where the cnnstruc- 
tni of boilers was not a part of the contract for engine, or where new engines for old 
Kiiica hkving sutHcient boiler capacity have been contracled for. thi> guaranteed duty 
IS been based upon an evaporation by the boilers of ten pounds net steam per pound 
f coal, or the duty instead of being so many toot pounds per buDiired pounds of coal. 
I (FUteO aa so many foot jHiunds per 1,000 pounds of steam delivered to the engine, 

rv'Viaus contract wltii Henry K, Worthinglou for tlie 15.000,000 gallon, com 
Wund, direct -acting and duplex-pumping engine, the contract trials of which I had the 
DDor lr> make in July. UiaH. contained a guarantee of 70,000,000 toot pounds duty per 
00 pounds of coal burned upon an evaporation by the liollers of ten pounds of steam 
er pound of coal, 

Tlie contract of E P Allii & Co. with tbe City of Allegheny. ?>.. couuloeil 
>pi«rantBe of t)0,000,000 foot pounds duly per 100 pounds of coal burned upon an 
fapotkiton by the boilers ot ten jiounds of steam per pound of coal, 

Th« contract -if E, P. Allis it Co, with the City of Decatur, III., contaim-d 
irnaraiilM of 80,000,000 toot pounds duly per 100 pounds of coal burned u[inu an 
rapomtlon by the boilers of ten pounds of suiam per poond of coal, 
T1i« wniract of Robt. VVetherill & Co, with the City of Philadelplila. contains 
ftuumntw of 03,000.000 tor>t pnundsduty per 100 ponnds uf coal bumiHl with ai: 
|K>ratU)0 l>y the boiler* of t.irn pounds of airim per pound of ooal. 
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The contract of Robt. Wetherlll A Co. with the Cily of CiDcinnUi. coDtai 
gu&rantee of 90,000,000 foot pounds duly npoa actual delivery of water iuto 1 
reservoir per 100 pounds of coal burned upon an evaporalioo by tlie boilura of l«« 
pounds ot steam per pound of coal. 

In the recent Irlals of the engine constructed bj E. P. Allia St Co. for the Hannilwl, 
Mo., Water Company, llie duty per 100 pounds of coal is based upon an eTaporalioo bi 
the boilers of ten pounds of steam per pound of cobI. 

Assuming llie contract tor this engine contained a guarantee of duty npon ta «Tkp- 
oratlou by tLe boilers of ten ponnds of steam to one of coal burned, then we iboulil 
have bad b much better duty of tlie engine per u. 

The duty of the plant per hundred pounds of coal burned, in the several triaic, for 
capacity, duty and for performance of boilers, other coudiiiona aliltt, will vary v 
economy of boilers, or as tlie welg-ht at steam from temperature of feed water per unit 

The duty upon the actoal consumpiloQ of coal during the lest of boilers was 110,- 
37fi,18S.SS foot pounds, will) an evaporation from temperature of feed water «f 
8,7564 pounds of steam per pound of coal. Comparing this duty with the duty oblam<d 
during the 48 hours of duty trial , It Is fair to infer the evaporation per unit of feed 
from temperature of feed water to have been less for the duty trial and less in propor- 
tion to the " duties" of the two trials. 



Upon this asi 
duty trial was 



ptloD the Bteam per pound of coal fnim leuiperature of feed forllii 

= 8.549 
evaporation by tlip Imilers of ten poBndi 



pounds : and duty ot engine or plant npon ai 
of steam per pound of coal would have been 
107,6; 



<10 



125,907,297 



As an evidence o( the quality of the engine considered independently ot the lioilen 
which yon have putchased, I have brought the duty of it in comparison with ll» 
duties ot several other celebrated pumping engines upon a imiform basis of ten pnnD*' 
of steam per pound uf coal. 
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DUTY. 



(iaakill, compound condenMng, rotative beam engine, double-acting 
plunger-pumps, cylinders and heads steam -jacketed, capacity in 24 
hoars 15,000,000 gallons. 

Buffalo, N, Y., December 2-4. 188S, 

Te«t 48 honra duration . 1S6,S 

Worthington, compound condensing, duplex direct acting engine, doub1«- 
ac'.iog plunger-pumps, L. P, cylinders and heads steam -jacketed, 
capacity In 34 hours 15,000,000 gallons. 
Buflalo, N. r., July 3-1. 189a. 

Test of 20 hours duration ffT.Slf 

The above engittes are each of 15,000.000 gallons daily capaoUy a 
side in the same pump-house, pumping in the same service. 



■^ 
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ESUINE. DUTY. 

BeyDolds. 3 engines compound coDdenslDg crack and Sj-wiieel, aingta- 
■cting plunger-pumpg, ejHndera bI earn -jacketed, capacily (each 
enginp) in 34 liODra 0,000,000 gallons. 

Allegheny. Pa,. Aaguat HO. Beplember i. 1864. 

Test of 24 lioufs duration— So. 1 106,888.880. 

Teat of 24 lioura duralion— No. 2 101,81»,143. 

Teal of hours duration— No. 3 107,009,618. 

Leavitt, compound condensing, rolatlve beam engine, backet and plun> 
ger-pampa, cylinders and heads steamjacketed, capacity in 34 hours 
5.000,000 gallons. 

Lynn. Mass.. Deceoiber 10-13, 187a. 

Teat of .13 hooTa duration 121.153,603. 

Laavitt (3). compound coudenaiDg, rotative t)eam enginea, bucket aud 
plonger-pumpe. cylindBTii and heads steam-jacketed, capacity in 34 
hoora (each engine) 5,000,000 gallona. 
Lawrence, Mass.. May %-i. 18TS. 

Test of 57 houra duration 115,748,487. 

BaskUl.coinpouud condensing, rotative beam engine, double-acting plun- 
ger-puinpa. cylinders and heada steam-jacketed, capacity io 34 haura 
4.000.000 galloua. 

Saraloga, N. Y„ Novomlier 1-3, 1863. 

Teat o( 30 hours duration , ..107,967.037. 

HamiiloD, compouDd condenaiog, rotative iieam engine, Sim paon style, 
bucket tnd pluoger puiiipH, UDJtcketed cylindent. capsciiy !□ 'Jl 
houra 8,700,000 gallons. 

Milwaukee, May 10-31, 1875. 

Tfst o( 4? hours duration 31,883,952,6 

()alntard,3 engines, compound oondensing. rotative beam, Simpson style, 
bucket and plunger-pumpa, cylindera unjacketed but provided with 
air spac-ea. capacity each engine in 34 houra 18,000,000 gallons. 
tliicBgo. April 18-33, 1870. 

Twt of 48 houra daraiion , . . , 80.408,058 

Tmi of 48 hours duration , , , 85,«)5,774 

The engines above enumerated, with tlie eiception of the 15,000,000 gallon Worth- 
ington In your house, are alt compound cnndeDslng. crauk and tly-wheet engines, mid 
Npnaent the highest results with pumping machinery in point of economy, and with 
tkaitme exception are all of modern design from the hauda of eminent eogineera. 

From a comparison of the steam and water diagrams of " B " half of engine from 
10.00 A. M., December 8. to 7.00 p. U. same date. It appears that of the total powrr 
4welop*d in the steam cylinders. 93.2 per cent, was otiliaed in the work o( tlie pumps : 
indaaimilar comparison uf the steam and water diagrams of " A " half of engine, finiu 
S.OOp. M. December 3d, to 10.00 a. m. December 4th, shows an etHciency foe the pumjis 
of 97. T per cent. o( total work, or average useful efficiency of engine 05.4 per cent. 

In the following table are given the principal results from measuremenls of ilie 
•Utm diagrams ; 

*»*r»ge pressure In ateam pipes, pounds ("0 '.'<i4 

jtitngH vacuum, inches. .... , . '2',i U;i 

'mage vacuum, pounds H ^iuu 
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" A " *• B " 

Initial pressure H. P. cylinder 79.505 80.179 

Cut off in decimal of stroke, actual, H. P. cjlinder 0.8581 0.8897 

Terminal pressure L. P. cylinder, absolute 8.421 8.52 

Counter pressure at mid-stroke, L. P. cylinder, absolute 2.288 2.872 

Expansion by volumes 11.487 10.86 

Expansion by pressure 11.8597 1 1.4254 

ECONOMY OF BOIL.ERS. 

Subsequent to the trial of engine for duty the boilers were separately tested for 
economy during a period of 10 hours, with the general conditions of work as nearly like 
the duty trial as it was possible to have them. 

The data of the engine-room for this trial was limited to the readings required to 
estimate the duty of the plant, in addition to a test of the quantity of steam expanded 
in maintaining the jackets of " B " engine. 

The coal was weighed to the boilers in charges of 275 pounds, and the furnaces fired 
at regular intervals of 15 minutes, as in the duty trial. 

During the latter half of boiler trial it was apparent that the coal was being sup- 
plied to the furnaces at a greater rate than was required to maintain the steam pressure, 
and charges were reduced first to 265 pounds each, and finally to 260 pounds each, to 
avoid producing better fires at ending than was had at beginning of trial. 

The coal was burned at the rate of four charges an hour, beginning at 11.15 A. H., 
December 7th, with the first charge to No. 2 furnace, the second charge at 11.30 A. M. 
to No. 3 furnace, the third charge at 11.45 a. m. to No. 4 furnace, and the fourth charge 
at 12.00 M. to No. 1 furnace, and so on for entire trial. 

There was consumed in ten hours forty charges of coal as follows : 

31 charges of 275 pounds 8,525 

2 charges of 265 pounds 530 

7 charges of 260 pounds 1,820 

Total coal 10,875 

Less accumulations of coal fron the several charges during trial weighed back 

at 9.15 P. M 503 

Net coal burned '. 10,372 

The fires'were carefully cleaned at 11.00 a, m. and at 9.00 P. M., and ash and clinker 
returned at end of trial 1,070 pounds, or 

-iJS X "^ = ''-^''^ 

per cent, of original weight of coal shown as non-combustible. 

The water to boilers was weighed in net charges of nominally 1,900 pounds to each, 
in a cask mounted on a large platform scale, and drawn into a supplemental tank con- 
nected with the feed-pumps. 

In addition to the water thus weighed to boilers there was a quantity of condensation 
represented by the drainage from the jackets of "A" engine, which was trapped directly 
to the feed-pumps and could not be measured. 

During the test for boiler efficiency (as already mentioned) the drainage from jackets 
of " B " engine was caught and weighed for entire time, and upon the assumption that 



SieBte&m expended In matQUiDiag ihe jackets of "A" eagine nu equal to the drainage 
eKaj{lit and vraighed from jackets of " B " engioe, tlieii the quantity of water weighed 
In tht> weighing cask.addeil to thr> drainage from jackets of engine " B." represented 
Uie total deliver; of water to Che boilers. 

There was weighed and delivered to boilers 48 charges of water, as follows 
84 rhnrge3 of 1 ,900 pounds 84,600 

8 charges of l.BOS poands G.TIS 

, a charges of I.B03 pounds 3,800 

I charge of 1,S55 pounds. 
' I charge of 1.016 pounds. 

1 charge o( 1.B35 pounds. 

1 charge of 1.002 poands. 
' 1 charge of 1,908 pounda. 
I 1 charge of 1.040 pounds. 

1 charge of 1.0S4 pounds. 

1 charge of l.BOOpoands. 
1 charge of 1,130 pounda. 

10,558 



Tot«l n 



from weighing cask. 

From J1.15 A.M. to 9.15 F. H. December 7th, tlier 
Jackets of " B ' engine 9^7] pounds of condensotiou. 

From weighing lank 

Rom jackets " A " 

Total water, poaods , . 



«iBBs waste from relief valve on (eed pipe which was oaughl in casks and 

measured, pounds 1,2U 

Net water to boilers 1I4,8S 

And apparent evaporation per pound of coal, 

".w =•■'»»» -™'"- 

! From !19 calorimeter observations the follnwing averages are obtained 

y eight o( water healed, pounds 2U0. 

[]" eight of Bteam condensed, pounds 10.7 

lAltia] leiupersture, as read 44.0 

filial temperature, as corrected 44.0 

Jlnal temperature, as read 101.3 

(''lial temperature, aa corrected 101 ,6 

Cevatloo of beat of water b; condensation of steam heat, units S7,S 

■mal value of the steam, pet pound 1177.4 

■mal value of steam at observed pressure, 83.0 1818. 8 

Kflereuee .,, 35. C 

'Aleiit heat of steam al 

leienor of the si 

1*70111 the calorimeter data tlie n 
boilers is deduced as 







1 per pound of coal frnni tempera 
:e.7fiS4 pnunds. 
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engine iluring Iri>1 of 
I in " B" jBcketB, tlinn 
: wu U4668.2 pouDits, 



Tbeaa douIcb an {ilsevd oul of lin« wttli tLe iioiile nait to engine De*r«st tlie In;' 
it fMalvei, to prevent ibe sMtm froio Mrr^itig water o( ooDdeDBkUon or priina|;u 
•ver Itiin ih» cylinders uf engine. 

By menus of llie rt-ceivor. all wiler of condcnsitloo or primage U iDt^Kepted 
before it reocbe* the engine, and \s drawn Ihrouglilbe julcels into the feed water 
healer, and flaall; trapped lo the teed pumps, froni which it is ilelivernl back again 
In the boilers. 

The water caaght and weighed from ihe jackets of " B" 
e. Tib amounted in ten hours to •)2TI pounds -. assuming thi 
in the jacketsof "A" engine to have e>| unit d the cODSumptlo 
total coDSomptton by jackets was 103^ pounds. 

Duriug the same time tbe total ateani dellTered to englu 
■howiog an eipeoditnre of 

.S — 

of tatal steam In tbe joekels. 

Tbis large consuniptioa of steam la aecaimted for In tbe following manner -. 

Tbe intercepting receiver in tbe ateam pipe, tbe sleam juRketa nnd tbe feed water 
bealent are all connected throngb Iho »teaui traps with the teed 'patnpe. &nd through 
tbe pumps and feed pipe with the boili-rs, so that no loss in economy could occur by 
an excessive flow of steam through the Jackets, oil heal beyond ibat required 
to properly msintaln the jacketi being ulili/ed in healiug the fn^d ntiter Id Iho 
healer, or upon mingling with the feed primped from the hot wells luto the feed pipe. 
ooDBtrociion of the jacket drainage and feed water apparatus is such that 
t, loss by a large flow of steum Ibrnugb tbe Jackets Is balanced by a cor responding 
Increase in ibe temperature of feed water to boilers, less any losses by condnctinn aud 
ndlation through connecting pipes, which, with the excellent methods of protection 
Knployad in thiH iiistanee, must be very trilling, and perhaps considerably leas than 
die loM in economy, which might occur with an inadequate supply of steam to the 

The average temperature of drainage from jackets of " B" engine was 197. K degrees 

During the trial for economy of boilers. suHicient data wui taken in the engine- 
a from wbicb to estimate tbe duty for the same Ume, as follows : 
Engine eoanier read al intervals of 15 minutes. 
Saglne counter 11.15*. « Dec. Tib 4B4.740. 



. Dec. 7th . 



well] 



Bead pumped against, by pr 
MSerenee center water pn 

ii!'--; 

(pounfla 

k Itowanee for trictlonal resistance, pounds 

fotal UmiI, [lOuuils 

rbe average stenlli pressure in p1|>e was. pounds 

The ccta«kl coal hunuHl was. pimnda 

»tii) dnly. 

,..„ eM.121X3.tiaBlX4 XIi|.M5ax877a 

'^ 10.873 



gauge, mean of 41 readings, pounds . . . 
gauge and surtpte of water In pump- 



50a,51». 
8.770, 
70,37n 

3S.2S 
lO.OSO 
1.00U 



: 110 275 18885 
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The qaalil}' of coal burned daring a11 the triftla wu not of the best, aa shown 117 
the large percents^ of anli and dicker wei|;hed back at and of capadtj- trial, at end 
of duty trt&l and tor th« tec lioura of test of boilera. 

During the firat 34 liours there was burned 2T;S25 ponnda of coal, and weighed but 
2,6111 [lounds of non-ciiinbuatible. 

During the 40 hours of duty trial there was burned SS,908 pounds of coal uA 
weighed back 5,445 pounds of uon combustible. 

During the lest of boilurs there was bnmed 10,372 pounds of coal and weiglied 
back t.OTO pounds of non combaslible. 

From wliicb we derive as the jiercentage of non-combttatible tor a period of T3 
boDre. with ■ comsumption of S0.t33 pounds of coal: 

" wj.isa 



lOOXs 



= 10.203 per c. 



n-eombusiil)le. 



For the boiler test the percentage of uon -combustible is gi Ten as 10.310 per «««.• 
and from the daily eiperiuoce with this coal at ih« pump-house, under ordiurj 
eonditlona o( use, the uon -combustible is stated by the engtueer in charge — who 
weighs all the coal to the furnaces nnd alt ash and refuse from the dies and ash'pltt- 
to be approximately. 10 per cent, of the origiaai weights of coal. 

1 have appended a serlea of ludlcaior diagrams from all the steam cjlinders ud 
pumps taken for different limes during ihe duty trial to iilasttate the action of tht 
engine. 

The Q. P. diagrama were taken wiih 40 springs, the L. F. diagrams with 10 spriip, 
and the pump diagraiDS with 40 springs. 

In conclusion. I desire 10 thank the Water Commiasioners and the SuperintendeU 
of Water Works. Mr. Enapp. (or the excellent (aeililies furnislieil me for iheae iriik 
Very obediently yours, 

JOHX W. HILL. 

CiKCiNNATi. Dec. 24th, 1SS5. 



In addition to the expert trial called tor in the contract with the Buffalo City WUet 
CommisslDneis. a duty was required o( 90.000.000 foot pounds from the consumptlOD 
of IIX) pounds of coal, the engine twing ri-iiuired to operate 1800 hours during W 
days. The reiutt of tbia long trial was an arersge duty of 98.232.106. aa repoiwd 
by the chief en^oeer at the pumping station, Mr. Brennan. The average percenlT 
D calcoJaling the above duly, was 13^ pB 



of ash. which was ttol laketi Into accouol ii 
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January, ISSti. 



, Tlie following e 
Jibowa the porfnrD 
«reeled &t that plic 



II the JaciMii (Midi.) DaUy Citiim at Jsodbit 4th, 1888. 
L 4.000,000-eallon Qaskill Pamplng Eagiuc recently 



BOARD OF PUBLIC WORES. 

I CHARLES CH RI8T0PHER, engineer of the water works, raported In detail the thirty. 
ritlx-hour teat of the new Gaskill eogioe, built bj the Holtj Mumfacturing Couipanj, 

Iiockport, JJ. T. The first twelve hour, or duly test, showed the amouat of water 
Ipamped 3,113,053 gallons. Duly per 100 pounds of coal, 111,781,072 poimda of 
twater raised one foot high with 100 pounds of coal. The liut twentj-foura run, or 

c«piiclly iPBt, was made wllL Jackson coal, and showed a duty of 80,818.420 pounda .if 

water niaed one foot high with 100 pounds of coal. Amount of water pumped, 

4.192,004 gaUous. 



i. which then ottered the 



The report was referred to the 
-following -. 
To the Board of Public Wm-ki : 

OE5TLBUEN— The couimittee on wnter works would respectfnilj submit for con. 
SddoFatlon the report of Charles Christopher, chief engineer of the water works, giving 
ilbe detklls of the tests madu oD the Sd and 3d Inst. . of engine and boilers put up for 
the citj at the water works by the Hollj Manufacturing Company under contract dated 
'janaary 36, 1885. The committee were present on the ad and 3d while the test was 
being made, and witnessed the working of the engine and boilers, both while being 
operated by anthracite and hliumloous coal. Thin test was ooly completed at 9 o'clock 
' r, u, uf yesterday, and while entirely satisfactory, yet the time is so short that we hare 
not been able to submit tables showing the cost of pumping la as much detail oa we 
Intend lo do. and such report will hereafter be submitted giving the eiact cost of purap- 
. ing and the saving over the work as done by the old engine and boilers, hut from the 
ttperiments made and the experience from the use of the new OaskiU engine since it 
commenced working, and the assurance of the chief engineer, we feel justified in saying 
tlut the consumption of coal for pumping will be Sfly per cent., ot one-half less than 
with the {lid works. This will of Itself, aside from the increased supply of water. 
wbieb made the new work necessary, more than justify the city lor the action taken, 
tndllieuTtng will go fur towards paying the Interest on the debt coiitrtettNL Frooa 
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oar own ob6«»rvatioii and the report of the chief engineer we feel justified in reporting 

that the Holly Manufacturing Company has fulfilled its contract in the most satisfactory 

manner, and recommend the passage of the following resolution for the balance dut on 

its contract. 

M. SBOEMAKER, 

J. L. HOLMES, 

Committee. 

Jacksom, Mich., Jan. 4, 1886. 



Revolted, That the sum of $10,521 be audited, allowed and transmitted to tbt 
Council in favor of the Holly Manufacturing Company, for the balance due on contract 
dated January 36, 1885, for furnishing and erecting the engine and boilers at the water 
works. 

The above was adopted by unanimous vote. 

Superintendent Benjamin Porter reported the number of gallons pumped at the 
water works for the month of December at 43,277.1^3. a daily average of 1^6,064 gailona 
There were three fire alarms but no water was used. 

The Board then adjourned. 



LEATENWORTH, KAS. 
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REPORT OF THOMAS J. "WHITMAN, C. E. 



St. Lor:9, Mo., Feb. 15. 1 



rrSjHTH, Prea't. i 
M, SWitt. Spc'j. [ 
L Jo>:bs. Supt. I 

asMTiJiliBir— [ lisTPwIth ri^port Die rpaalt of & Irinl lust of the " Uasklll Compoand 
nraplng EUigine" built for you under a raalrnct with iba Uollj- Man ufaotu ring 
atujNUiy of Lockport, S, T. 

liie \rM w*a commeucail kt noon on tlie 2I)l1i of .iBDuarj, 18^1, nod ft was Intended 
I bsvo llic run i>( at least !4 Lours duration; hut oving to tt want ot trnttr ia tbs 
illltng basins, we were compelled to elop at Bve o'clock a. M. of January 80tli, thus 
iducing' the trial to seventeen hours. 

The ahortags nf WHier wan eanaert liy ihe large amount of Ics on the baslas. This 
e also llileiferi>d gre»tly u-ith the acouracy of die measuremenla of the quantity of 
aler pumped, so much so, In fact, as to render useless all of ibe iutermediate gtiiige 
wllngs between the eomineneement and end of the trial ; and. Indeed, to tlirow grave 
mbU npon the result of the test as regards the exact amnunt of watfr pumped. 

In taking the dimensions of the ice wblcU vna Soatlng at the caniraencemeni of the 
si , and was leFt upon the sloping walls by the receding irater, I made fall nieaaurp 
i-nlB, with ibe inteutionof being certain that when the deductions were made the 
rantily of water credited lo the pumps would be rather less, than more, than ihe actual 
DoUQt pumped; and I still feel very certain that the machine pumped the quantity of 
ttcr 1 have allowed; yet there Is uncertainly about Ihe matter, and I cannot state 
witlrely that the quaotiiy of water pumiied was accurately ascertained. 

The water credited to the engine as pumped has been made up by taking the quan- 
ly in the reservoirs at the beginning of the trial, and deducting the quantity io the 
(eTPoin at the end of the trial, using the tabulated siatenjenla of reservoir ijuaiitllieB 
r the amount of water nl different depths. From this quantity eleven twelfth* of 
e en bio contents of the ice. aa figured from the measurements taken, was deducted. 
The result thus obialncd, compared with the calculated displacement of the pump 
ungt-rn, gives a loss or slip in the pumps of S^^'n I""" Q<^ii^. This per cent. I helieve 
probably In excess nf the actual slip, as the pump valves &re certainly welt cal- 
' to give a minimum loaa in thia direction. 
onTeuience of reference a copy of the contract ia attached, 

[poclfications (which are declared to form a jiart of the comrael) give the geaernl 
>ns of Ihe rarious pails of the machinery lo be furuished, but as one section of 
cg:pecially stales that the builders shnll have the right to change any or all 
thes* dlmensiuoa, except such aa would mak« a change iu (he speed, capacity of 
Ir, 1 did not cjjDsldet It necessary to lest the detail measuremenls. eKcept as to stroke 
puinp and diamet«tB of pump ptaogers. I note, however, that the dimensions 



givBD in the apeciScationa tor the varioua parts o( the eng^inei, pumps and boilers Inn 
bteo very closely adhered to. 

Oue section of the contract (marked "B " in the attached copy) states - " This eapar 
will he guatanteed to pump against two hundri'd pounds presBore to the square Iwli, 
and to ahow no signs of wi^akueaa in any of its parts white so working." 

lo making tha teBt there was no attempt made to work against this eilrenie pret 
aure as I considered it would simply have been straining the parts of the macMnF 
naeleesly. 

The last section of the specifications refers to the capacity and duly lest, and mdt 

"Capacity. — The machine above described will be guaranteed to be capable of liltiiif 
four million "U. S. gallons of water per twenty-four hours against a bead of 309 tta, 
at a piston speed of 112 feet per minute, and will be guaranteed to perform a dut^ol 
100.000.000 foot pounds from each 100 pounds of coal, based on an evsporaiion of 
ten pounds of water per pound of coal ; if a less evaporation is obtained, thi-n the dsit 
will be lass than 100.000,000 in proportion lo the reduced evaporntion," 

During tlie test the head on the puuip cylinder varied from 330 feel to 344 feet, tht 
average pressure during the run being 337 feet. Tbia is some tliirtj-two feet less tlua 
Ihe head mentioned in the specilicatlons ; but the head on the pumps at tbe time of itie 
test was fully equal to the maiiuium bead ibat the pumps are required lo work againd 
in regular service, and this tnerease of thirty-two feet could only be brought npno ihe 
pump cylinders by partially closing the valves on the delivery pipe, and as I conaldned 
that it was not desirable to throttle the delivery from the putnps in this manner, 
was no attempt made to increase the pressure in the pump cylinders up to the 3S9 fnt 
mentioned in the specl Beat ions. 

The machioe is tbe ordinsTy type of Ihe " (jaskill Horizontal Compound Condenalnf " 
pumping macliine. being two steam engines, each having a high and low-pressure sKwa 
cylinder, coupled, with cranks at BO degrees upon the shaft, to one fly-wheel. Tbt 
piston rod of the low-pressure steam cylinder is continued, and works tbe pump plangn 
located on the same liorixoiital line. 

The pumps are two in number, each having a plunger 18 inches io diameter mi 
80 inches stroke. Pump rods i inches in diameter. These dimensions were IMai 
and found to correspond with the specificBtious. 

As liefore stated, the duration of the trial was seventeen houn, via.: from tml" 
o'clock noon of the twenty-ninth of January until five o'clock \. M. of the thirtielll of 
January. 

Revolutions made.30.355. giving an average piston sjieed of IlBfi^n feel per tnloiiie 

yuautity of wator pumped in seventeen hours, 3,028.045 V. 8. gallons, giving » 
capacity of 4Ji72.0e3 U. 8. poUons in twenty-four hours, at a piston sped "I 
nB^„ feet per minute; this Is equal to a capacity of 4,000,000 U. 3. gallons in iwenlj- 
four hours, with a piston speed of 112^,'g feet per minute; thus the machine aabflM- 
tially complies with the contract, as regards capacity. 

Total amount of coal burned in the furnaces, 13389 pounds. 

Total amount of water evaporated In boilers, 78157 poands. 

Water evaporated per pound of coal was equal lo S^^/^ pounds. 

Average pressure on pump plungers. 138 pounds; equal lo 316.300 f*ei. 

Total work,— 3,026.045 X 8.845x318.380 = 8.03B.48S,236(ooi pounds of work. 

Duty of engine: 

e.039,488^ foot pounds = 80,015.473 
13381) |,c<»l) 

fool pounds per 100 pounds of coal, 
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The eTuporaiioD of llie boitpra w&a !i yy^ pounda of waler per poand of cool. Bj 
l« terms o[ the contract this would require a duly of S0,880,000 foot poauds per 100 
mads o( coal. The duty obtained was 60.04^,473 foot pouudi per 100 pounds of 
al, equal to a duty of 1O6.S0&,OOO foot pounds with no assuiued evaporatioa of 
a pounds of water per pound of coal. 

Average measurementa of ibe indicator disgrama taken from the pumps gives a 
lot? of 63340,000 foot pounds for t^ach 100 pounda of coal buraud; tbia would be equal 
> duty at 1 10,478.000 foot pounds for each 1 ,000 pounds of steam used. 

Measuring llie elficieuty of the boilers by their evaijoratlon of waier from and at 
S degreea FahreohBit, wa have ; 

Averag'e steam pressure of boilers, 88.14 pounds, 

Averag'e lemperature of feed water, 144.8 de§;rees Fahrenheit, 

The qnantily of walur nctually evaporated wsa TS.IST pounds, equal to S,308 pounda 

water evaporated from aud at 213 degrees Fahrenheit per pound of coal. 

In eooclusian 1 will state , 

1st — In m/ opinion there la no question hut that the machine haa fulfilled the 

requirements as to capacity and duty. 
Sd — Doring the trial there were no indications of weakneaa in any part of the 
cbinery.BQd generally the materials and workmanship of the engines, pum pa and 
ill appurtenances, are good and satisfactory. In some of the details 
altoDld say a nearer approach to the requiremeats of the contract as atated in the 
txioa marked "D" might be had with udvanlat'e — in ibis, that a numlier of the 
mmal bearings are not provided wllh brass boxea — but in all Its main features I con 
der tbe tDachine well propottloaed and eirongly baill, and. In m; judgment, will givn 
Bu satisfactory and durable service. 

ad^ln addition to the " tnola, wrenchea," etc.. provided lo be furnished, I would 
■ggeet that arrangements be made to have the contractor furniah a complete aet of 
iorkiog drawings, giving detail dimensions. Such a set of drawings is almost a 
Messity. in order tliat a correct drawing of any part that may fail or require renewinfj. 
U be ready to put into tbe ahoji at ouce. Also to have the contractor turaish about 
nehundred duplicate pump vatvea, 

4lh — In regard to the section in the contract where the builders guarantee to replace, 
Uthur own expense, any part of the plant that may fail within three years (see section 
contract), your alleotloo ia called to the fact that there ia no provision 
for the retaining of any per cent, of the contract amount as aecurity 
the performance of thia part of tlie agreement. 

1 wu much interealed and pleased with the action of tbe automatic (water) governor 
*)[king the cul-off motion. Under the conditiona of very sudden and large variations 
■r pieware, which, owing to local circumstaucea, this pumping machinery is subject to, 
governor a very valuable safeguard to the machinery, 
Bespecttully submitted. 

THOS, J, WHITMAN, C. E. 
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•Ic Common Couacit, Satammoii. Mic/t. : 
'., Committee on Fire and Water. 



Meshiib McCaffert, WxTtf 



— I litve the lioDor tu report lo jou upon tbe eoatract IrUl Dt11l| 
Giabill Cupupounil Pumping Engine receollf erected for jour public water sappljM 
ibe Uolly Manufacturing Compaof al Lockport, X. Y., aa fotloii'a: ■ 

The trial has been conducted in aceonlaace with the BpecificatioD aod agiMM 
between tbe Ciiv of Knlaiuazoo and ilie Holly Man u fact u ring Company, and the ■>■ 
aod rules genemlly acci-pted in test trials uf pumping machinery of the first dan. d 

Tbe agreement proviileB that " Tbe Committee on Fire and Water of the Cltrl 
Bjilamaxuo muv choose an expert engineer lo conduct tbe trial, and to asoertaiu If lU 
engine and pumps are in campliance with the contract, such choice to be approved ^ 
the Hoity Manufacturing Company." | 

The writer baa acted under this cluuBe of the agreement. The inveatigatioikVR 
msde lo dettrrmlne the cooipli&Dce of tbe engioe wilL llie foUoi^iDg requiremnM ; I 

^t>»£. Capacity The apecificaliou and Bgreement provides that the engine dlj 
have a daily capacity of 3,000.000 U. S. Standard OalloQS agaictt a domeatic hM 
of 180 feet, and a firt pressure of 130 ])oundB per etjuare inch, at a piston speed of II 

Sreond. Duty ; Tbia the speciGcation and agreement providea shall be 96,0 
foot pounds per 100 pounds of best coal consamed under the boiler, witli • 
pressure of 70 pounds by gauge. 

It Is provided that the duty teat "shall not be less than Hi houra" in 

Tbe engine is vertical, compoand, condensliig, provided with b beam, amk m 
fly- wheels. 

Tbe steam cylinders and pumps are In line, with the former placed above tkelt 
The pumps are of the single-acting plunger variety without side stulfing boxw pi 
3' 5* from center to canter of plungers, one plunger being driven by tlie 
piston and the other by the L, P. steam piston. 

The working beam centers turn in bearings in the engine housings, irUob ■ 
located centrully between the center lines of steam cylinders, and atiout I 
between the steam cylinders and pumps. 

The crank-abaft is bent at the renter to form a pin or bearing for tbe outer «■ 
connecting-rod. Tbe crank-sbaft overhangs the bearings in the housings and A 
Hy-wheel at each end. 

Tbe erank-sliBtt, wheels and bearings in the engine houaing are 
from the steam cylinders and pnmps. and the pin in the working btam for the li 
of the connecting rod set down to compensate fur the angular position of the rod. 
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Tbe genarkl dealgD of the engiae is unique lu appearance, and preaeats many puiDls 
of noveltj worthy of carerul ttudj. aud 1b another leslimoDiat of ihe wonderful 
ftcunditj of lUe deBJgDt^r, Mr. Gaskill, iu lils line uf eDglnetriog. 

Tbe deiign ia so uulike ollirr pumping englnea that a description. In the absence of 
engravlngB. woold be very nnsa lis factory, 

Tbe pump plungers were carefully measured previous to the trial, with the following 

Plun^r drlTeu by Q. P, eteam piston. 

Diameter, inches .' 20.08125 

Stroke, inches 29.9St)73 

Plunger driven by L. P. atekia pLatOQ. 

Diameter, inch 4S ^0.03180 

iltroke, inches 29,033 

The other prlacipal dimensions of the engine are as follows, takeo from onntractor's 
drawings, eicepl steam piston rods, which were tneasured ; 

U P. steam cylii der, diameter 18,0 iothts. 

L. P. steam cylinder, diameter 30.0 inchee. 

Stroke, steam i islons (nominal) , 80.0 inches. 

H. P. piston rod (1), diameter 3,825 indies. 

L. P. piston rod (2). diameter 3.4375 inches. 

Gearance H. P. cylinder (estimated) 2.5 per cent. 

Clearance L. P. cylinder (estimated) S.S per cent. 

Sieam cylinders, jaclieted sides and heads, with sides lagged with walnut stares, 
and upper heads fililslied with polished covers. 

Crank. shaft, diamett r 12.0 Inches, 

tlffcbk-piii.diamaler 12,0 Indies. 

Fly-wheels, two In number. 

Fly-wheels, diameter 10.0 feel. 

Ply-wheeU, weight (each) B, 000.0 pounds. 

Air pumps, two slngle^cting, worked frcm pins at ends of an eveo lever working 
beam mnunied on an extension of tbe engine lieam-shsft. 

Air pump, diameter 11.0 inches. 

Air pump, stroke U.O inches 

Boiler feed pumps ace of lUe single. acting plunger style, two in number, worked 
from an even lever besni keyed on the extension of engine beam-shafl, outside tbe 
beam by which llie nir pumps are driven. 

Feed pumps, diameter 3,00 inches. 

Feed pumps, stroke T.S5 inches. 

Pumps are dtied with four Bel« of small aingle.beat rubber valves mounted In com- 
position shells, and working <>a composition seats screwed into the diaphragms of valve 
chamlMrs. 

Each set contains HI valv.... or 304 valves, in the suction and discharge cliambers of 
both pomps. 

Pump valves, diameter disc 1.T6 inches. 

Pump valves, diameter opening in seat. , . : 1.S135 ioohea. 

Pump valvMt, lift , 0. 3 13S inches. 

Pump valves, thickness of diM! , 0,90 inches. 
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The T&lves are gaidml kbovp tlie seal by the Biem(wbieh move* wlib the ditc) 
pasBiDg throQgh Ibe Iiub in a lliree-wing'fd cage, whicb screna dowD over a tliretded 
projectioli of the stfat outside tbe valve disc. . 

Tlie lift of pump valve preaeulH a clear opening between (be disc and aeat of I.TIH 
sqaare ioclieB. wLilB tbe area Ibrongb ibe seat (which is the full area of diamrtet) ti 
1.353 HijuaTe inches. 

The velocilj of Bow through the seats, with plungers luaving al [be rate of 130 feet 

130 X ^1135 _ . „- 

123,133 X M ~ 
feet per seeocd. 

Tbe pampa take water from a curbed well outside tbe pamp-house, 20 leet diameter, 
25.8 feet deep from copiog. The well is supplied b; infiltration through the but 
rounding soil, which pasaos into the well under the Iron shoe upon which the tigbt 

From some data Ukeu December 20. 1S85, the well haa a probable maiimam iafloir 
at the rate of four millions galloOB daily. Bui how long Ibia capacity can be caain 
tained can be known only by long-continued pumping al the mallmom rate. 

Previous to the trials, levels were takHO by Mr. Pearson. City Engineer, of the 
center at water pressure gauge, from which the pressures were read : of the center of 
■he pumps, and of a bench-tnark located in the pamp-well, from which the stages af 
water in the well during the trial were iskeD by meaAs of a Chesterman tape and 
Boat. 
Tlie veriioil distance from tbe center of water pressure gauge to the 

center of pumps 20.48 feet 

Froiu ceuler of pumps to average level of water in pnmp well daring duty 

trial I4.44S3 feel, 

FroDi center of water pressure gauge to bench mark in ptunp-well 18,000 feet. 

For the duty trial, tbe following data was taken : 

Steam pressure at boiler, every 15 miDUtia 

Steam pressure at engine, every 16 niaulei. 

Water pressure al engine, every ,_ 15 minntea. 

Engine counter, every ,..., 15 minutes. 

Level of water in Imiler, every 15 minuli* 

Vacuum in condenser, every 30 minutes. 

Level of water below bench-mark In pump- well, every 30 minuiea 

Temperature of feed water to boiler, every 30 minntw 

Temperature of injection to condenser Hourl,', 

Temperatun of overtlow from air pump, every 30 minuln. 

Temperature of air in engine. room Hourly 

ludlcatur diagrams from steam cylinders Hourlj, 

Barvimeter , Hourlv. 

The coal burned. " Lackawanna." of good quality, was weighed in uniform char|v( 
of 70 pounds on an acceptable scale In the boller-ro-im. al the rate of two charges la 
hour, and dumped just previous to firing, in front of the boiler, only one charge at a 
time helug allowed on the A<wr 

The Br« was worked right and left, 70 pounds to a charge every 30 minutaa. 

Al 11.00 A. U . March »th, the half &re to tbe right received a full charge of TO 
)iooDda, and al 11.80 a. H., the half fire to tbe left received a charge of 70 ponnda. 

At 0.16 A. K,. March lOih. an eiira charge was divided between the right and tail 
side of Bre, and at 10, tS a. m an extra charge w<aa divided between the two aides of Bra. 
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DUTY TRIAL. 

The trial for duty commenced al 11.00 a. m,. Marcli SlU, and ended at 10.00 A. M., 
Marcb lOth. embracing an uuiuterrupled operailoD of the engina under uearlf unitotm 
coDdilions of stitani pressure, water pressure ftod speed, for a period of 24 liours. During 
this time the coal fired was SO charges of 70 pounds. 

Total coal fired 3,S00. poonds. 

Aah. clinker and waste from aah-plt at end of trial , ISS.G pounds. 

Percentage of non-cDmbuBtiblo 4.53 pounds. 

The grate batB were of the rocker paltem. anii theie were worked frequeccly to clear 
the Rre of clinker aod ash dtirlsg the trial. The Urea were cleared of ash and clinker 
•1 the beginning of trial, and the osb-pU itkad clean. The Qres ware of game thick- 
ness and in same condition, as nearly as could be judged from careful obaervatloD, at 
the hegincing and at the end at irlU. The condition aad thickness at beginntng waa 
observed and entered in the writer's notes at the time, and the aama condition and 
thickness was restored at the end of trial. 

The average head pumped against during the trial was 09,8384 pouada. as followa : 

Average pressure by water pressure gauge 42. TOST pounds. 

Correction of gauge i, 0000 pounds. 

Corrected gauge preaaure 43, TOST pounds. 

Average of difference of levels center of water pressure gauge and 
level of water in pump well ' 

Center of water pressure gauge to bench mark 18,00 feet. 

Bench-mark to surface of water in well 16,0263 feet. 

PreMora due difference of levels 15.1327 pounds. 

Add ■Ilowknce for frlctlonal registance of pumpa 1,000 pouDds. 

Total head &e.8384 ponnds. 

Total head 188,106 feet. 

Engine counter at 11.00 a. m., March Bth 149,886. 

Engina counter at 11.00 a, k., March 10th 188,188. 

Revolutions in 24 hours 38,302, 

Bevolutions per minute 20.5292 

Piston speed per minute, feet 182.407 

Area of plungers (eacii) 

20,03125' X 0,7854 = 315,1425 square Inches. 

Flnnger travel per revolution of engine. 

And duty developed, 

"""""""sSl."""'"'" = '02,728.884 86 
ft>ot pounds. 

The sped Scat ions and agreement guarantee a duty of 90,000,000 foot pound* per 
100 pounds of coal burned, wbicb is exceeded In the actual performance of the engine 
by nearly ei^bt miUioita foot pounila. 
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The meBDH of the dfttti Uken durlog ihe dot; trial ars aa followa : 

Duralion o( trial, toura 34. 

Pressure of steam al boiler 72.062 ponndi. 

Pressure ot ateam at engine T1.3ST pounde, 

LevKl of wkterln boiler 11 a. h.. March Bth T.OO incLra. 

Uvelof water In boiler 11 a.m.. March lOlh 0.871 fncliet 

Level of water in boiler, mean for trial 7.0323 inch**. 

Vacuum by gauge observed.,-. 25.8630 incbri 

Vacuum by gauge corrected 24.345 iocliei. 

Vacuum by gauge corrected 11.951 pound*. 

Temperatare of feed water obBerved 171.344 

Temperature of feed water corrected 168.S44 

Temperature of injection observed 50.037 

Temperature of injection corrected 49.S37 

Temperature of overflow observed 03 158 ^^i 

Temperature ot overflow corrected 01.050 ^^^| 

Temperattire of air engine.roooi 73.23 ^^^| 

Barometer, inchea 20.4G6 ^^H 

Barometer, pounds I4.40G ^^^| 

CAPACITY. ^^1 

The contract pnjv Idea that the engine shall have a capacity of 3,000.000 U.S. 
Standard ^alloca per diem of 24 hours, si a plHton iipeed of 130 feet per minute. 

No provision is made in the contract for the measurement of the delivery o( lUe 
pumpa, neither are the connections of the pumps with the aotirce of supply and tbe 
distributing mains such that an accurate measurement of the delivery can be made, 
except with a diaoootinuance of water to the city for a period ot several days. 

In the absence of an exact measurement of the delivery of tbe pumps, which 
measurement is not provided for by the contract. I have carefully measured the 
diameters and Btrokes of the pump-plungers, from which to deduce the probable nctuil 
delivery at contract piston speed. 

The pump-plungers 1 carefully callipered and measured u['on a Brown ti Sharpe 
standard 24-inch steel scale, as tnllows : 

Plunger driven by high pressure steam piston 20.03120 inches. 

Plunger driven by low-pressure steam piBton 20.03125 inchea. 

The atrokea of the plungers were measured by holding a finely-pointed lead peneit 
firmly down upon the upper surface of the lower cross-head, which was machine- 
faced, and cuuaing it to Inscribe the lineal movement of the pencil, and, by the sam* 
token, of tbe cross-head and connected plunger u|>on a dressed pine board held firmly 
down upon the lop ot pump-barrel and parallel with Ihe axis of plnnger, with the fol- 
lowing results, measured upon the steel U. S. Standard scale : 

Stroke ot plunger driven by high-pressure steam plalon 28.06875 Inches, 

Stroke of plunger driven by low-preaaure steam piston £9.922 Incbw, 

Total plunger stroke per revolution of engine fiO 8007S inches, 

and calculated capacity of both pumps per revolution of engine, equal to one etrokeo^^^ 
esch pump, or two single strokes of plungers. ^^^H 

2O.0312.'>> X 0.78.54 X 59.80075 ^^H 
3gl ~ = 81.706 gallons, ^^^M 
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The pumps being of Ihe singla-BctiDg voriel;. tli« effrctlvp area is tlierefore the full 
rea due Ihe diameter of pluogei?, or 

20-03125* X O-'SH = 315.1425 iquars iocb» ; 
and capacity of pumps per diem of 2t linurs at a piston speed of 130 feet per minute, 
315.142.^ 
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13 X 131/ X H40 = 3,064.658 6& 



"0. 8 Standara ffaUons. 

be cooiracior's guaraoted CBpuciiy ut 130 feet piston speed per diem of 24 lioan. is 
8.000.000 gallons. The calculated eapaciiy of ilie pumps ffom measured dimensions at 
feet piston speed, per diem of 24 liours It 

3.064,656 60 gaUona, 
llloiring e4,fl58.SB gallouB. or 2.1003 per cent, of calculated capacity, to cover the loss of 
action or slip of pumps, 

am of the opinion that the style of pumps (urnlsbed wilb your enfrine, with the 
packing around tlie plnngers ligbt and the pump valves in good condition, will work 
with a loss of action lets than fonnd tor tbs Memphis pumping engines : and the allow- 
ance ot &4,05S.G0 gstlons per diem In excess of the conlrocl capacily of 3,000,000 gallons 
will fairly cover Ibc priibnble toss of action of the pumps, and thai the contract require- 
ment for capacity has been fairly complied with. 

Bubsequeut to the trial for duty ibe eugioc was operated for test under the provision 
nl the speciSealion and agieement which requires a fire pressure of 130 pounds, nt 180 
feet [liaton speed, with TO pounds steam pressare. 

To accomplish this tbe high-pressure cylinder was worked at full stroke, and steam 
irecl from the pipe was taken ihrough a ly.inch bypass pipe into the low.preaaore 
cylinder. 

A few minutes after this test was commenced, a joint over the dome of the boiler 
1 the old boller-bonse blew out, preventing an operation of the engine for ibe fall 
lime desired. 

The pressure for Bre purposes is uodersiood to mean the total bead against which 
Ibe pumps work, and is measured from the surface of water in pump-well, as in the 
duty trial. 

Dnring the teat the steam and water gaut^M were read every two minutes by [■ 
observers, iudependcuily. and the engine counter and level of v 
aimilafly noted, with the following results; 

parage steam pressure . . , . - - 

Average revolotions per mioiiie. ... 

Average pialon speed per uiluuie 

AverMge water pressure gang-e. Tntt . 

Average water pressure gauge, Aoderaou - 

Average, both 114.0(15 pounds. 

Average level of water iu pump- well, below beaeb-mmrlt 15,427 feet. 

Benchmark below water presBure gauge 18.00 feet. 

retice surface of water in pump-well and cenlercf water pres. 

turegaug* 83.427 feet 

Difference surface of water in pump-well and center of water prea- 

lurw gauge. 14 4831 ponnds. 

Allowance for eilm frictional resistance of water passages lata and 

101 nf pumps .. , , . ., , 1.000 poiuds. 

i besd pumped sgainst during test for int porposes 128. S48 pouadi. 



r In the pump* well 

S8.7C pounds. 
24,280 
181 III 

115 38 pounds. 
. 112. d pounds. 
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With a ooiutant Bteam preaaure of 70 pounda, and a boiler capacity sufficient lofu- 
nish the required amount ol Btuam, (Ue eDgine — n-itli the addition ol the bj-piu M 
take steam direct Into the low-prnaaure cylinder — will readllj work againat ■ loul 
preaaure for fire purpoaea of l!tO pouods from a a rf ace of water in pumpwell. »l 19> 
feel piatOQ apeed, or at the rate of 3,000.000 gallons per diem o[ 34 hours. IneaMot 
emergency. I believe the engine can be safely operated at a speed of 30 or more lew- 
lutiooa per minute. 

The indicator diagrams taken during the trial have been sealed ajid worked, wllb 
the following average reaultn : 

Diagrams from each end ot each cylinder, S5, 

Average initial preaaure high, pressure cylinder above atmosphere . . . 70.49 pouull, 

Average cut-off in decimal ot stroke high-pressure cylinder 0. 82815 

Average terminal preaaure high-pressure cylinder above atmosphere. IT. SI pannfa 
Average counter preaaure at mid-stroke klgh-preaeure cylinder, abso- 
lute 11.145 pooniU. 

Average initial preaaure low-presaare cylinder above atmosphere .... 5.6135 poundi 

Average terminal pressure low-pressure cylinder, absolute. T.098 ponnib, 

Average counter pressure low-preasure cylinder, absolute S,99 ponndi. 

Effective vacuum 11.176 ponsdt. 

Mean eflective pre&sure high-pressure cylinder, top 46.668 poandi. 

Mean effective pressure high-pressure cylinder, bottom 48.492 poasda. 

Mean effective pressure low-pressure cylinder, top 7.583 ponoill 

Mean pressure low-pressure cylinder, bottom 9.tS4 pounda 

Total borse-iHiwer developed 81 . 891 

Batio of expansion by preaaure 11.18 

Katio of expansion by volumea 13.08 

Coal per Indicated horse-power per hour 1 ,787 

CompariDg the momenta of load of the steam piston and water plungers daring ttlf 
trial, we have: 

High-preaaure cylinder, top, 

254.47 X 46.688 = 11875.9 pounds. 
High-pressure ay Under, bottom, 

(354 47—5.412) X 48,453 = 130«7.3« pounds. 
Lotv-presaure cylinder, (op. 

]017,« X 7.583 = 7718.73 pounds. 
Low. pressure cylinder, bottom, 

[1017.9— (2 X ".28)] X 9-184 = 9167.95 pounds. 
Average moment steam plsloaa, 

11875.6 + 12087.38 + 7718.73 + 9157.95 



= 20409 82 pounds. 

The average moment ot load of water plungers during duly trial was. 
816.1435 X SB,8384 = 18857.828 pounds, 
and perceitage of usefal effect realized In the work ot the pump 

^^^ 20409.82 



= 92.395. 



leading 7. 805 per cent, ot the total power of engint 






ds. 1 

I 

by friKlOD. ^H 



KAI-AHAZOO, MlOn. 




K&LAUAZOO, MICH. 



KalamaiM, llicli. 1:00 P.IH. March 9, 
I. P. Cylinder. 
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Kalamazoo, Mich. 1:00 P.M. March 9. 
H. P. Cylinder. 
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TLe boiler fuTDishing Bteun to the engine ia of the foUowing dimenEloDs . 

Diameter Bhel 1 60. IndiM. 

length of Bhell 18. t(*t, 

Number of tubea -.... 70. 

Diameter of lulwa 8. loeln*. 

Heiting Burface of sIihU 120. 664 

Heating BurfBCB of tubes 879.048 

HeatiDg surface of beads 16. 109 

HBHtlug surface total 1031.511 tq,!!*!. 

Grate 4.17' X S-T' 

Grate surf«ce 11.3 (q.f«el 

TubBTent 8.63 feel. 

Batlo beating to grate surface 90.4 

Ratio grate surface to tube veot 4.29S 

Chimney (brick) 3.5' X 3.5' UO. ft. higli. 

Cross section of cbimoej 12.35 sq. twU 

Ratio grate sartace to cross section of chimnej 0.9334 

During iLe duty trial tlie coa] was burned at thp rate of 
'^ - 11 133 
pounds per liour, per sijuare foot of grate surface. 

No me&Burement was made of Ibe water pumped to the boiler, because the dfllj 
terms of the sp^t Beat ion and agreement required the economy of the engine M b« 
calculated from tbe actual consumption of coal wtllioat reference to the ecooumf el 
boiler, and Ibe worli of the Irailer cannot therefore be stated with any degree of 
ness ; but as an approximation. I have estimated the evaporation from the weigbtuf 
Bteam found at relGase in the Ion-pressure cylinder, upon the assumption that elghtf 
)>er cent, of the total steam would be accounted for by the indicator diagram. 

Volume of low-presBure cylinder per hour, 

1017.0 +^»a9^34 ^ g J. ^ gg 5352 ^ 80 = 55743.150 cu. feet. 

Volume of clearance per hour. 

0.035 X 55743.150 = 1393,578 ou. feet. 

Weight of steam per cubic foot at terminal pressure in low presaure cylinder (I'.** 

absolate] = 0.0301 pound ; and weight of steam to release in low-pressure cylinder; j" 

hour, 53743.156+ 1303.578x0.0301 = 1148.448 pounds: less steam returned in eleii»M« 

upon closure of exhaust. 

Weight of steam at counter pressure in low-pressure cylinder (3.29 absolutely 
C.009S28 pound. 

1303.578 X O.OD0S28 = I3.00S pounds. 
a aecounted for, 

1143.448— 13.9W = 1135.448 pounda, 
nd probable hourly evaporation by boiler. 

— g-g — ^ 1418.31 pounds. 

The coal was burned at the rale of 

-gj- = 145.83 pounds per hour ; 
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id Bteam per pound of coal, 

1419.81 ^_^ . 

liS:^ = 9.788 pounds. 

The Betting of the boiler and the slow rate of evaporation would suggest a very 
oall or no entrainment of water in the steam. 

Recapitulating the results of the inyestigation, the engine complies fully with the 
Mscification and agreement as to arrangement and proportions of the principal parts ; 
ill pump the guaranteed dailj deliyery of 3.000,000 gallons; has exceeded the 
iiar&nteed dutj by nearly 8,000,000 foot pounds, and will — wiih 70 pounds steam 
ressure— pump against a total head or pressure on the pump plungers of 180 pounds, 
. the rate of 3,000,000 gallons per diem of 24 hours. 

All of which is respectfully submitted. 

Very obediently yours, 

JOHN W. HILL. 
Cincinnati. March 18th, 1886. 
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REPORT OF WILLIAM "WRIGHT, 
Chief Engineeb Pdmping Statiom. 



NoRyOLK, Va., Aug. 12,1881'^ 
H. L. Bmith, Esq., SuperiBttndent Water BepartintnC : 

Oeah Sir— The pumping engine built by Ihe Hollf MauubctariDg CompuiT a' 
Lnckpart, N. Y,, for tliu pumplog bIbUod at Moore's Bridges is now complete with ibr 
exception of psinling. and In regular operation. A dut; test of tlie engine hu t 
Iweo msdu, & report of wliich 1 berewltli respectfully submit. 

The contract between the Holly MsDufscluring Compan; and Ibe Board of Wilct 
CommisHlonerH provides (or one Compound Condensing Horiiontal Qashili Eaglntof 
&,OOO,O00 V. S. gallons in 24 hours capacity against 40 pounds pressure, or the i 
capacity ufiHlnst a firi^ pressure of 133 pounds. The engine was guarftnteed to p 
0,000.000 Kallons iu 24 lioura sgaiust 40 pounds preMure, and D»rform ■ duty nt 
SS.OOO.OOO foot pounds, or. In other words, to rai.te 85,000,000 pounds of waU 
high for escli 100 pounds of coal consumed under the boiler. 

Thtt engines, or rather engines, there being two distinct and separate engines coupled 
to the same crank or Sy>wheel shaft, a.re of the compound condenBtng crank and flf- 
wheel variety, so arranged that either eugine may hv run. or both. 

The admission valres to the high. pressure cylinders are of the douhle-t>mt popp^ 
style to which Is attached a cut off gear, adjustable by hand or controlled by a p 
riipgulator or governor furnished with tlie engine. The exhaust valves on both cylL* 
ders, high and low-pressure, are gridiron elides, worked by eccentrics fastened to 
shaft in gear with the crank shaft from which the motion is transmitted to the valve; 
Each engine has lis own air-pumps, condenser and boiler pumps. The pumps, one 
each engine, are double-acting plungei pumps. The plungers work through com |.o^ 
lion rings placed central in the pomps forming the partition between the two ends. 

The pumps are fitted with numerous small valves of a style used by the Holly CL 
on nearly all of their pumps. 



DUTY 1 



The teat trial for duly commenced 

Aug. lOth. making an unbroken run ul 

Half-hour ohservniiuoB were tnkeu 

purpose, in uniform charges of 200 po 

for by ihe fireman, the i>arrow remain! 



u gnugas, 1 
V f urnishsd tat * 
1 delivered to Ihe boiler M gall*' j 




NORFOLK, VA. Ill 



The coal used during the test was bituminous coal, known as " Pooohontas Steam 
Coal/* selected from the stock in the bunkers. According to the contract the test was 
to be made with the " best coal " The contractor was therefore at libertj to u«6 anj 
kind of coal he saw proper, but thinking it would give better satisfaction if the dutj 
was obtained with the coal in use at the works, he decided to use the *' Pocohontas." 
The coal haying been hand-picked was remarkably dean, yielding less than 4 per cent, 
oi non-combustible. 

The level of the water in the boiler, and the condition of the fires were noted at the 
commencement of the test, and were maintained as nearly as possible in the same con- 
<lition throughout the test. An extra charge of 100 pounds of coal was ddivered to the 
boiler at end of test to bring the fires to their original condition. 

In computing the duty I have made no deduction for slip, but am confident that 
1 per cent, would fully cover the loss. 

Diameter of H. P. cylinders 16" 

Diameter of L. P. cylinders 32* 

Stroke of pistons 28* 

Diameter of pump plungers 19^*^ 

Diameter of plunger rods , S}^" 

Displacement in gallons per revolution 142.8 

Revolutions in 24 hours 85,095. 

Revolutions per minute 24.87 

Piston speed in feet per minute 118.78 

Average steam pressure 70 lbs. 

Average water pressure 40 lbs. 

Vacuum 26)4" 

Temperature of water in reservoir 78** 

Total gallons pumped 5,011,566 

Total coal consumed, pounds 4,900 

Head pumped against, feet 112 

40 pounds pressure= 92' 

Frictional resistance on pumps 2.8' 

Friction in suction main 1.' 

Center pressure gauge to source of supply 16 7' 



Total 112 

Per cent, of ashes 8.7 

Duty in pounds raised one foot with 100 pounds of coal 95,4204316 

Duty guaranteed 85,000,000 

Excess above guarante;^ 10,420.216 

or 12j^ per cent. 

BOILER. 

The boiler in service during the test has been in service at the works for 18 years, 
having been furnished with the Holly Quadruplex Engine in 1873. 

DIMENSIONS OF BOILER. 

Style, return tubular. 

Diameter of shell 60* 

Length 16' 

Number tubes * 58 
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laternal diameter o( tubes 3)^' 

Heetiug Hurfoce. ^ abell, square feet 129.664 

Heatiog surface, tabes, square feet 911.467 

Healing surface, heads, square feet 81.02 

Heating surface, total, square fe«t lOOS.MI 

Wia tU of grate 5' 8' 

Length of grate 6' 

Qrate surface, square feet 34 

Cross Bfctlon of tabes, square faet 386J 

Ratio, heating lo grate surface, square feet 31.43 

Ratio, grate surface lo cross section of labe^, square feet S.TT1 

Poaada of coal consumed per hour , . 204.17 

Pounds of coal consuoied per sqaire foot of grate per hour G 

No test of the engine under fire pressure hab been made for reasous in no nnj re 
fleeting upon the engine. Judging bj the Hctloo of the eagioe July 30th. when tLe 
mains were put under 100 pounds pressure, I am conlideat that the eugine will pamp 
5,000,001) gallons in 24 hours agniast 100 jiouods pressure nilli both boilers In aerricf 
under 70 pounds steam pressure, and that 1S3 pounds pressure can be gotten under like 
condllionB tvUh a boiler pressure of 8t) pounds, but I do not deem it prudent to put old 
boilers such as ours under such high prttssure. 

1 did not consider it necessary to speed the engine up to a 6,000.000 rate, as I am 
coniiJent that ne can safely pump that amount of water in case of au emergency 

While making the test the water pumped in excess of the amount used by cod. 
Burners was returned to the reservoirs by the mtana of a 6inch ralve and line of pip 
oD the force main just outside of the building. 

Siiuie diSicLillj was eiperleoced during the night la keeping the englDe up to ipefd. 
the demand for water being so light. 

As fsr as the engine has been tested the speclScations contained In the contr&ct liirti 
been fully complied with in every respect, 

I am confident that the engine will prove very economical under ordinary speed anU 
pressure ; but It should be borne in mind that the average duty of the engine will be 
considerably less Ihau that obtained during the lest, as the piston apsed will be mueh 
less, and the pressure lighter. 

Respectfully. 

WILLIAM WRIGHT 
Chief Engineer of Pumping Macblnery. 
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Hyde Park Pumping Station, September, 1886. 



The macliineiy tested consisted of one Qaskill Horizontal Compound Pamplng 
Engine, bailt bj the H0II7 Manufactaring Company of Lockport, N. T. ; the following 
being the conditions of tbe contract regarding dutj and capacitj to be fulfilled : 

"First. Tlie engine must be of the horizontal compound condensing type, and of 
" 12,000,000 U. S. gallons daily capacity. 

** Second. The duty required on a twenty-hour test, pumping against a pressure of 
" 60 pounds per square inch, to be not less than 100,000,000 foot-pounds, calculated 
" upon an evaporation of 10 pounds of water to one of coal ; and at a piston speed not 
" exceeding 125 feet per minute ; the steam pressure not to exceed 75 pounds per square 
" inch." 

The engine is of the "compound condensing crank and fly-wheel" type, having 
two high-pressure and two low-pressure steam cylinders, steam jacketed on sides and 
heads, and two double-acting plunger pumps, connected at quarters to one common fly- 
wheel shaft. 

Principal dimensions of engine and pumps : 

Diameter of high-pressure steam cylinders 4 . 27. inches. 

Diameter of low-pressure steam cylinders 54. inches. 

Stroke of steam pistons (measured) 89.9375 inches. 

Diameter of pump plungers (measured) 30. inches. 

Stroke of pump plungers (measured) 39.9375 inches. 

Diameter of pump plunger rods (measured) 5. inches. 

Diameter of air pumps (4 single-acting) 20. inches. 

Stroke of air-pumps 27. inches. 

Diameter of fly-wheel 17. feet. 

Weight of flywheel 20. tons. 

Diameter of fly-wheel shaft 12.5 inches. 

During the trial for duty and capacity, which began at two o'clock p. M ., September 
27th, and ended at two o'clock p. m., September 28th, readings were taken every fifteen 
minutes of the gauges, revolution counter, etc., in connection with the engine; and the 
water fed to the boilers was carefully weighed. Indicator cards were also taken from 
both steam and pump cylinders every hour. 

From the observations recorded in the engine and boiler rooms the following results 
were obtained : 

Average steam pressure at engine, pounds 74. 7G 

Average vacuum in condenser, inches 26.1 

Average head on water pressure gauge, feet 188.1 
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Vettictl distmnce from cuDler of water pressare gsage to floor line, 

feet 1 

Average Iielghl of water <□ supply well below floor, feet 

Friction of water in auction-main, feet 

Correction of water presBore gauge, feet 

Total head pumped against, feet , 153.41 

Ket-olutions of engine (or 24 hours 8fl,!87, 

Gallons per revolutioii dlHcharged bj both puupa 481.87 

G»llonsot water pumped during test 12,603, 2S8i>T 

Average piston sp«ed, feet 131.14 

Average revolutions per minute 

Work performed bj m«n pumps, foot-poonds 16,133 364 #fi.1M 

Work performed by feed pumps, fool-pounds 25,!!2.007.* 

Effective work performed by engine, foot- pounds 16,148,087^)10. IS) 

Total water fed to boilers, pomids 140,061. 

Steam used in blowing out boiler tubes, pounds SO. 

Total steam used by engine, pounds 140,071. 

Tetnpemture of feed water 68" F, 

Weight of one gallon of water, pounds 8iJ 

The capacity of tlie pumps per revolution la calculated as followa : 

Area of plunger leas one-half urea of plunger rod 697.0435 indiei 

Travel of both plungers for one revolution 159-75 incIiM, 

Cubic contents of one gallon 331. il 

""■°g'<'"'"' .«i...i^...... 

_ [(88167 X 481-81 X 8.33 X lfi-1.41) + 95332007.7] X 1000 =^ 
""'^ " U5071 

110,633,166.04 foot-pouads of efEective work performed tor every 1,000 pocni 
of steam supplii'd lo the engine, or for every 100 pounds of coal, based on an en 
tlon of 10 poundfl of water per pound of ooal consumed under the boilers. 

The water condensed from the steam supplied to the jackets of the steam cylinder) 
was not returned to the boilers, but trapped into the sewer and wasted. Nu attoi- 
aoce was toade for entrained water in the ateam or for leaks in the main steam aupjilj 
pipe. 

The boilers were fired with ■' IndiaDft Block " coal, necessitating the use of SO p" 
of steam for the purpose of " blowing out" the boiler tubes. 

The scales for weighing feed water were carefully tested before and after tli« ImI 
by the official aealer of weights and measures of the Villa^ of Hyde Park. The v 
pressure gauge was also carefully tested and found to indicate .64 pouuUe leas thanl^ 
actual pressure. 

The level of the water in the boilers wai noted at the commencement, was: 
tained as nearly as passible Id the B«me coadttioD daring, and brought to lh< 
level at the end of teat. 

The operation of the engine and pumps was uniform and very BatlEfaclor; tiiroui.''' 

The pump valves are of the kind known as "The Troy Valve" (Gaskiir* pifJ"'' 
being about 1.5' diameter, and having only five-siileentha inches lift; escli pump" 
supplied with a sufficient number of these small valves to ensure au easy flow of ■"<' 
when running at full capacliy. 
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The datj developed shows an excess oyer contract reqairements of 10,682,166.04 
foot-pounds. 

The capacitj an excess of 602,288.87 g&Uons. 

The tests were conducted under the direction of CHAS. HERMANY, Chief Engineer 
of the Louisville, Ej., Water Works^ assisted by J. S. Coon, M. £., on behalf of the 
Village of Hyde Park. 

Mr. Hermany, in hU preliminary report to the Board of Water Worke Trustees, stated 
^hat the engine ?uid fulfilled the contract specifications in every particular, and afterwards 
'nfarmcUly reported the duty to he about one hundred and ten million six hundred thousand 
^oot'pounds. 



BEVEKLY, MASS. 

Makch, 1887. 



REPORT OF WALTER H. SEARS, C. E. 



Beverly, April 15, 1887. 
Mr. John I. Baker, CTunrman Water Committee : 

Dear Sir — The paxnping engines famished and set up ander contract with the 
Holly Manufacturing Company at the Wenham Lake Pumping Station, having been 
offered for the trial for capacity, arrangements were accordingly made for testing them. 
The water after beiog pumped was received from the main into a tank 16 ft. by 8 ft. 
by 5 ft. set outside the building, and after passing through slats and screens to prevent 
surging, flowed over the weir and thence back into the lake. The weir was cut from a 
plate of brass ^ inch thick, with a beveled edge, and was 3 feet on the crest and 9 
inches deep, and was placed in one end of the tank. The hook gauge was placed in a 
small box inside the tank, about four feet from the weir. Measurements were taken 
every five minutes and a portion of the time every minute, and the average of the 
readings was taken for the height on the weir. No. 1 engine was tested March 11th. 
The run was 5 hours, and the records for 4 hours w^re taken for the test. The height 

on the weir was 0.5 feet. The formula used was Q = 8.836 (1 — 0.2 h) h>, in which Q 
represents the cubic feet per second delivered over the weir ; 1 = length of crest of the 
weir = 8 feet ; h = height on the weir = 0.5 feet ; the time was 4 hours or 14400 
seconds. 

This gives Q = 8.826 X 2.9 X 0.8585 = 8.4096489 cubit feet per second, or 40098.944 
cubic feet in 4 hours. 

The displacement of the plungers per revolution is 7.1702 cubic feet ; the number 
of revolutions in 4 hours was 6,984, making 49,718.167 cubic feet; thus showing a loss 
of action of 1.24 per cent. 

No. 2 engine was tested March 17th. The run was for 5 hours, and the records 
of 4 hours were taken as before for the test. The height on the weir was 0.4968 feet ; 
the number of revolutions 6820, and the loss of action was found to be 0.96 per 
cent. 

The pressure against the pumps during the two tests varied from 57 pounds to 64 
pounds per square inch, the suction being alx)ut 18 feet. The speed was in the vicinity 
of 28 revolutions per minute, or very near that required for the specified capacity of 
2,000,000 gallons in 24 hours. 

The contract specifies that each engine shall " be capable of lifting two million 
U. S. gallons of water per 24 hours against a head of 147 feet, and at a piston speed 
of 105 feet per minute." The plungers were carefully measured and found to be 18}^ 
inches in diameter; and this at 105 feet per minute would give 2,217,650 gallons in 
24 hours ; making the deductions as above* ascertained. No. 1 engine would deliver 
2,190,151 gallons in 24 hours, and No. 2 engine would deliver 2,106,859 gallons 
in 24 hours. 

I therefore certify that the terms of the contract in this regard are entirely fulfilled. 

Very respectfully, WALTER H. SEARS, 

Civil Engineer. 
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REPORT OF J. D. COOK, C. E. 



'a the Tnnteea of Limn WaUr Worki : 
Gentleuks — Herewith I send 7011 tbe result of the dut/ t««t of pumping mtolllD- | 
«rj eoiulrucled by the lloltjr MaDufaclurlog Company for your city. 

Htviog Du lueajia of me&auriug tlia sctu&l aLQULiiit of water pumped, wilhoat atiDt- 
tlng aS curreut sapplj 10 Ibe clt)'. computations were made ou tlie basis of planar dia- 
placemeot, deducting 3 p^r cent, for slip and otber defective pump action — a deduction 
wbieh I deem fair and equitable to liotli parties, 

Tbe trial commenced at 4 o'clock P. u. on Monday. Marcb 14tb, and continued antil 

□'dock p. M. the following day, during wbicii time careful records were taken at in- 

Mrrals of fifteen minutes, of counter, steam, water and vacuum gauges, and welglit of 

fe«d wst«r evaporated in the boiler — ninety readings being taken. During the entire 

It the performance of tbe machinery was uniformly satisfactory in every observed 

For iDformatioD as to essential characteristics, det^s and conclosion, you are re. 
epeetfull]' referred to tbe tollowlDg statement, containing " desctiption," "summary," 
nd " reeult." 

DEBCBIPTION. 

Two GnakiU Compound Duplex Crunk and Fly-wheel Pumping Engines, each 
UaviDg- 

Two H. F. steam cylinders, each 14 inches diameter. 
Two h. P. steam cylinders, each 38 Inches diameter. 
Two pump plungers, each ISJg inches dhunoter. 
Stroke of pistons and plungers, 34 inches. 
Diameter of Qy-wbeel, 8 feet, 10 Inches. 
High pressure piston rods. 3^ Inches diameter. 
I^w pressure piston rods, 2^ inches diameter. 
Pump plunger rods. 3^ Inches diameter. 
Three return tubular hollers, each S feet 3 inches diameter, lU feet long, each 
with GO tour-inch tubes. 
One boiler fired dnriug duty test. 

SUMMARY. 
Dantinn of teat, 34 hours. 

Averag* water pressure as shomi by gauge, 04.700 lbs. 
Surface of water in pump-well below gauge. 18,0S3 feel. 
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Total head or resistance used in compatation, 167.542 feet. 

Average steam pressure on engine gauge, 76.71 lbs. 

Vacuum, 26}^ inches. 

Temperature of feed water, 115. 

Total number of revolutions shown bj counter, 41,667. 

But one engine operated during test. 

The actual plunger displacement per revolution, taking entire volume of pluQj 
77.0677 gallons. 

Deduction for lost pump action, 8 per cent., 2.8120 gallons. 

Net pumpage per revolution, 74.7527 gallons. 

Aggregate amount of water pumped, 8,114,846 gallons. 

Weight of water computed at 8.844 pounds per gallon. 

Feed water evaporated, 89,887 lbs. 

Total coal consumed, 6,818 lbs. 

Ratio of evaporation pounds of water to one pound of coal, 5.77 lbs. 

Contract basis of evaporation, 10.00 lbs. 

Ratio of difference between actual and contract evaporation, 1.738. 

Contract duty 100,000,000 foot pounds per 100 pounds of coal on basis of evaporation 
of 10 pounds of water to one pound of coal. 

RESULT. 

I>uty 8,114346 X (8.844 X 167.542) X 1.788 

68l8 =110,482,946 

Contract duty .100.000,000 

Excess 10,482,946 

Respectfully submitted, 

J. D. COOK, 
Toledo, Ohio, March, 19th, 1887. Consulting Engineer. 
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REPORT OF FREDERICK A. SCllEFFLER, M. E. 



To tilt Watrr Commimonrrt of the Cily of SHe—BlOH. Whitman, Prrndtnl: 

QbhtLRKEN — I liave the pleasure of handlag joa mj report on tlie dul}' ietXa of 
e nuw Gasklll Pumping Engine furnislied by thn Holly Monufacturing (.'ompaDy of 
Lockport, M. Y..Bjid also in counectlon with tliu same a tabulated Btntemeat of the re- 
nlts abutlacd from the pumps, liollera and engiaes, which I placed in an oanvenlenl v. 
s I could deviBB for your (uture refefenne. 
Tbroughont the teMs, whicli wer« of 48 hours coatinaoua duration, ther» was not 
■be aligblesl dlfflcullj- witL theengineB. There was, of course, Bomewhal of a" pound" 
n the bearings, and pins of the coonectiDg rods at tliu beginning of each stroke, but 
Ala aould not very well be called a ditlicii1ty,aa«Dy large piece of new machinery, run- 
pg at such a slow speed, will always need to be run somewhat loosely at the parts 
med uDtil they wear closely to the proper and exact shape, when they can be adjusted 
d all tost motion taken up, I hare no doubt but that before the engine ia accepted 
faf Ton the bnildere will have made su exceedingly quiet running engine from same. 

The Hrst lest b«gan at 7 o'clock A. is.. April 'ifl, and a« each of the fooT tests made 
were of twelve hoars duration, the teels cnncluded at T A. H.. April 28th. Care was 
keu to start each teat with n clean fire, note the height of water la the gauge glass at 
e time and lo see that the lires were iu the aame condition at the conclusion of each 
Bit as they were when the latter tiegHD The Hues were cleaned on the mornings of 
,e 26lh and 2Tth,aDd this may account for the larger eTRporalinn per pound of 
«1 during the tests (Koa. 1 and 3) occurring on these two days, than thai during 
,e oiher two tesia (Nos. 2 and 4) which occurred at night. Two boilers were found to 
I ample for the 3, 000 ,000- gal Ion .lest {No. 1) and no forcing whatever was required, and 
Qie steam pressure ihroagltout the testa was within the limit of the guarantee, i. c. 
from TO to 80 pounds. 

By nference to the tabnteted statement referred lo above, yon will notice that 
ttra given you several duties produced by using the different divisors appearing in 
b of the four columns. The actual duty la shown to surpass the gnaranteed duty by 
Bvoral millions Id each Vs%. but the net duty shows an extremely good result — eX' 
«3iiig the etiftranteed duty of 105,000.000 foot pounds In the 6.000.000 gal- 
n t*st (So. 1) by 17.000,000 foot pounda, which Is nearly 17 per cent, and in the 
hec tests an increase of an niually gooil pmiKirilnns, What I refrr lo by net duly is 
ledutj obtained aftnr dwlacliug a lnskai;e of 4<j pounds ppr uilnutr of slenm which 
nkmt through the large valves communicating with the two hollers not ueed, lh» 
u pipe* leading to the old engines, and the blow-ofi pipes. Mr. Holly called tny at- 



lenllon to tliese leaks Bometime previous to the IMl, but as it would have been qatle i 
■erioas undertaking to have digconuocted tliese connectioDs and make blank joints it 
was agreod tliat as accurate a measurement ot the leaks as could be made, would W 
taken at Ilia lime of tlie tests and due allowance would be tuadt- for aume. 

Mr. H0II7 was perfectly fair and just iu demanding lliis allowance, but it will bg 
eeen that the dutf (fuarauteed was more than obtaiued without auv allowance what- 
ever. So great was the leakage into the two unused iMilers that although the stop 
valves wcce clost^d as tightly as possible, the stuam gauge on them showed 4S poucda 
pressure throughout the test. The weight of the leaks could be lakea at onlj three ot 
the drips, as the other two were so connected that it was not possible id messure vbem. 
TliE total leakage must have been somewhat more than 4^ pounds per minutt*, hut Mr, 
llollv agreed to accept that as the average allowancn. This amounted to 3,240 pounds 
per 12 hours. It 1 may be permitted to make a suggestion, I would say right hen that 
it would be a paving investment to Lave uew valves put in where these leaka oteitt, 
aud would suggest " Jenkias" valves, the seats of which can eiiBily be renewed, aad 
ihey are always tight. This leakage of 3,:i40 pounds in 13 hours means a coal eos- 
sumption of 1,100 pounds pet 34 hours, and the new valves woald soon be paid (or in 
the saving ot fuel obtained. 

The coal used during the teat was " Bituminous " Slack of the usual quality used by 
rou daily. As the track scales were very conveuleDt it was decided not to weigh tlu 
coal in small charges, but to lake the gross weight at the iragiunlng and ending at eMk 
lest. This gave the weight of coal used much more accurately than could poariUj 
have been obtained by weighingit at intervals and in small quantities. As the guana- 
leed duties were baaed on coal having an evaporative efficiency of 10 pounds WMttrr p«r 
pound, and as it was oot possible to get this quality of coal, or. in fact, to burn it prop- 
erly on [he present grates under tlie bailers, the basis of the duty had to bu reducixl 10 
its equivalent, which is 1.000 pounds ot water. 

Beadiugs of the steam gauge, water -pressure gauge, and vacuum gauge, as well t» 
the couatflr and water weighed to boilers, were taken evory half hour. Indicator cards 
ivere taken twice during each test. This was hardly as often as 1 would likt^d lo have 
had them, owing to the fact that, as there were only four indicators to be had, continual 
changing had to be done, which would have greatly Interfered with the taking of the 
readings. The temperature of the feed-water was taken every two hours. It was 
fimndthat this temperature was much higher during the time when the engine ran 
slowest, which was due probably to the fact that the water remained In the htat^r 
somewhat longer than when running more rapidly ; this suggests a larger linatcr 
whleh might be used to advantage. The pressure gauge on the steam jacket of the 
cylinders showed GO pounds throughout the tests. Ko allowance was made for Ihs 
water used by these jackets for the steam passed thrpugh the heater and circuhUed 
thence to the holler, and the amount of heat imparted to the teed water was supposed 
to have eqnaliied the amount of water coniiensed and re-evaporated in the boilers. 

The pump cards do nut show any slip whatsoever, sud as there was no practical way 
at hand of Tiading out it there was any slip at all, and as the apeciScations do not say 
that allowance shall be made for slip during test, none was made, I believe there is a 
slip, but owing to the peculiar, yet very practical conairuciioQ ot the pump valves. tUa 
cannot be large, probably from one-half lo one per cent. 

All indicator cards taken show a very tine and sensitive valve meohonism, ; 
proportion of all parts and an extremely quick cut. off. There is very Utile lag 
pressure of steam when passing from the high-pressure cylinder to llwt of IhsJ 
preesure. 

To show that the allowance of 4^ pounds per minute fts lealtage wu tat 
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there ie an exeellent proof in the indicated resnlts, showing amount of water used bj 
the engine. 

Ninety per cent, of the water evaporated is accounted for when reckoning from the 
absolute terminal pressure shown on the low-pressure cards, and adding to this result 
the leakage referred to above. 

This leaves 10 per cent, of the total water used to be accounted for, which doubtless 
was held in suspension in the steam. This agrees with Mr. Chas. T. Porter's report of 
the test of the Saratoga engines, who made this percentage ll^o of the total amouut 
evaporated. 

I enclose yon a quantity of the cards taken from the engines aud pumps. If you de- 
sire a copy of the readings of each of the four tests, they will be at your disposal. 

I have only to add that the eugines have more than fulfilled the duty guaranteed by 
the contractor in all four tests. 

In closiDg I would add that I was ably assisted during the test by Mr. S. F. Seldeu, 
of this city, who took the readings during my absence. 

[Signed] Yours respectfully, 

FREDERICK A. SCHEFFLER, M. E. 
May 11, 1887. 
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CHICAGO, ILLS. 



NoETH Side Pithpisc- Station, Octorek, ISS' 



PRELIMINARY REPORT OF 



PROF. ROBERT H. THITRSTOX. Dirkctok Sibley Coluboe, C(s- 
NELL UsivEKsiTT, Ithaca. N. T. ; J. S. COON. C. E., Bcmm, 
X. Y. ; JAS. N. WARRINGTON, C. E.. Chicago. Illb. 



Dkpartment of PrBLic Wobm, 
CoMUisaioNEB's OrFiCE, October 16. 18S7' 
Mebbrs. Thprbton. Coon & WABRtNQTOB, Expertt to Tut tht " OaMU Pimpit 
Bnginti," North Side Piimping Station ; 
Gbntlkmen— In conducting the teat of the machinery, we desire that yoa dfMnilM 
both the capacity and duty of the machinery. 

In the performance ot aaid duly and enpDclty, the Meani pressure shall not eiM«i 
eighty (80) Iba, per square Inch in the boilers, and the piatoD speed ot th« englnM dilU 
not exceed one hundred and twenty (120) feet pet mltiute. 

The corI uaed sliall be ordinary Anthracite Coal, and the duty thall b« ptrfar^ 
witftottt any dtduction from Ike eoal contumed. of eiinkeTi, or any friction of maMntrt. 
friction of wafer in pumpt. or connection for the me of steam, for feed pumpt, or mj 
purpoee due to the operation of t/tt machinery at a ithole. 

Also, to determine the capacity of said engines, boilers, pumps and appendagu, ^ 
U. S. gallons, per day of twenty-four hours, under a maximum head of one huiidr*^ 
and fifty (150) feet above the aurface of water in auction.well, with a piston speedo' 
one hundred and twenty (ISO) feet per minute. 

One or both the engines may be tested at one time, at the option of the experti. 

Tour commitlue will also determine nnd report if the design, material and w«ll 

man ship, either as a whole or in part, are excellent, ample and sufficient f ot tho parpOM 

intended and comply with the specifications tor the same, a copy of which it (P* 

pended hereto. 

■ Respectfully, 

GEO. B. BWIFT. 
Commlssionet of Public Work" 
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Chicago, October 29, 1887. 
Hon. Geo. B. Swift, Commitnoner of PnbUe Warki : 

Sm — The undersigned, the committee appointed hj jou to make a trial of the new 
daskill pumping onginos, now in operation at the North Side pumping station, beg 
leave to subr.iit the following report of the results so obtained : 

A trial of each set of machinery was made, beginning on Monday, the 24th inst. , 
irith the west pair of ongines, the trials being of twenty-four hours' duration each, 
that period having been adjudged by the committee sufficient to settle the questions 
referred to it by the city. A supplementary trial was also made of the engines first 
tested to determine the efficiency of the boilers and the distribution of heat in the 
engines. The data obtained and the calculated results will be submitted in full detail 
later. 

The conclusions of your committee are as follows ; 

The contract made with the Holly Manufacturing Co., of Lockport, N. T., the 
builders of the engines, binds them to furnish two sets of pumping machinery, each 
capable of delivering 12,000,000 gallons of water per day of twenty-four (24) hours, 
Against a head of one hundred and fifty (150) feet, the piston speed not exceeding one 
hundred and twenty (120) feet per minute, and to develop a duty of not less than 
95.000,000 foot-pounds per one hundred (100) pounds of coal burned in the boilers, 
QO allowance for ashes or any other wastes being made. 

The contractors are also called upon to furnish engines of good design, construction 
and material. 

Your committee find, upon test, tliat the engines furnished by these contractors are 
of good design, of excellent workmanship and, so far as they have been able to judge 
by inspection, of the best of material. This conmiittee is also able to certify that the 
stipulated capacity has been secured, and that the duty actually obtained is considerable 
above that demanded, exceeding one hundred million (100,000,000) foot-pounds 
of work done per one hundred (100) pounds of coal consumed. 

Very respectfully, 

R. H. THURSTON, 

J. S. COON, 

JAS. N. WARRINGTON, 

Committee. 



FIN'AL REPORT OF TRIALS FOR DT7TT A^^) CAPACTTT 
OF GASKTLL PUMPING ENGINES 

At North Side "Water Wurks. Chicahki. Ills., OtTOBEE 24-2S. 18S7. 



HoK. Geohoe B. Swift, Communoncr of Public Works, Ckiai'jo. IIU.: 

Sir — Yoar conimittee hprewiili reapectfulJ)- submit Ibeir En»l report on datjuid 
capacity irJHls of tbe two sula of (laHkill pumplug engloea supplied to your 0117 in Wil. 
by tbe Holly Manufacturing Company, of Lockpott, N. Y. 

DESCRIPTION OF PUMPINU ENGINES. 

The iDBcliinery tasted is that contained in tbe recent addition to the North Sidt 
Water Worka, and comprlsea tiro independent sets of pumping eDgines, each set bdog 
really two independent and complete engines coupled to a common aLatt, with ennfci 
at right angleB, 

The engines are of tbe compound, condensing, borixontal beam and fly-wbeel iTpe. 
Each half of each engine has two steam cylinders situated in a vertical plane, ud 
parallel to each other, the high pressure being above the low-pressure, and very cloM 
together, making the aleam passages between them aa abort aa possible and keepiii| 
llie clearance apices down to a minimum. 

The jtistona being connected by abort linka to the abort vertical beam, at opperii' 
ends, travel in opposite directions. 

The steam cyllndem. sides and lieada, are steam jacketed. 

The double-acting pump pluugera are in line with either low-pressure steam cylinil". 
and connected direct. 

The bigb-preasure cylinder tranamlta its power to the purap plniig«r through tlie 
beam, which latter Is between tbe ateam cylinders and pumps. 

The upper end of the beam is also coonecled with tbe Hy.wbeel shaft, the pede«»l 
of which testa on top of the pump delivery chamber. 

The low-presaure steom itilet valves, which are also the high-pressure eihsas*' 
values, and tbe low-preaaure eibaust valves are multiported, or "gridiron" slldt^* 
worked by eccentrics from a lay.aliaft tying alongside the high. pressure cyllod*'- 
The liigh- pressure inlet valves are double-beat poppets, operated by a " drop " caveS, 
adjnslahle by hand. 

The vaWe gear gives a very good aleam distribution, favorable to economy tn tii' 
coDSamptitin of coal. 

The pump valves ore numerous and very small, having a lift of only five-Bixteastli* 
inch, and a clear water way of about one and one-fourlh square inch. The *aH»- 
faced with rubber, are noiseless and very etRcient. as is shown by the small 1om«' 
action, or slip, being about 2\ per cent, on iha west engine, and about 8.2 per wnt on 
the east engine. 

All bearing aurfacea are ample for long-coullnued and uninterrupted service. wllUt 
the deaign and consirnclion are to be commended for great streugth throuB'bont. H" 
workmanship Is alao excellent. 
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PRINCIPAL DIMEN810S8 OF THE ENGINES. I 

DivoBisF o( hlgh-preBsiirH pistoDe S7 inches. 

Diuiieur of low-preraare pistoDB G4 Inc^beB. 

Strokn of pisUiDB and pluD^eTi, oomiaRl 40 Incliea. 

DLuuetor of bigh-preaaiirti piston-rnds M inches. 

tnuDeter of low-presaure pistim-rodB 4,5 Inches. 

CLEARANCE. IN TEBM8 OF CYLINDER VOLUMES. 

Uigh-prflBflnre, back and 3.73 per cent. 

Hifh-pressare, piston rod eiid 8.77 per cent, 

Law-pr«aHur<9, b&ck end S.103 per cent. 

Low.preesure, piston rod end i.OHi per cent. 

Diameter of plungere 30 inebes. 

Diameter of ptuDgers. rods S inches. 

STROKE OF PUMP PLUNGERS OBSERVED. 

East engioe, east plunger. 30.687 inches. 

East engine, west plunger 39,781 Inches, 

Wart engino, easi planger 30,813 inches. 

West engine, west plunger 39.813 Inches, 

BOILERS, 
Sleam is supplied to the engines from boilers of the horizontal, return tubular type, 
in btick setting. Tbe; were also furnished b; Tbe UoWy Manufacturing Couipany. 
The slrAm pipe passing from the irailers, paasea tbrougli the up-tako for a considerable 
dtslaoi^e. thus eipoalng the steain to the superheating action of the escaping goaea. 
The superheating actually realized is slight, but it ensues dry sleaiu, 

DIMENSIONS OF BOILERS, 

Diameter ot shell 06 inches. 

Length ot shell 18 feet, 

Nuuiberof lubes. 08 

Diameter of lubes 4 inches. 

Diameter of steam dram 33 inches. 

Width of grate 3(aet. 

Length of grate B.25 feet. 

Orate area 28.25 aq. feel. 

L of chimney 44,4 sq. feet. 

Beitthl of chimney 125 (eet, 

Xiengtb of flues couaecting to chimney 10 feet. 

A.reaof flnee connecting to chimnejr S3, eq. leel, 

Haating surface, water 1438.7 aq. feet, 

Bapcrheatlug surface, ateam pipe 183, aq. feel, 

I>taught area, through tubee 5,70 sq. feel. 

Ratio gnle to water healing surface 1 to 94,9 

Feed water tor the boliera is supplied by feed pumps drlien bjr the pumping 
engines. The feed water is taken from the hot well, from which it passes through a 
■mall healor whose sonrce of beat Is tbe condeusiitiona from the jaekets. The jacket 
eoDilecsationa are also pumped iulo the boiler. By this means an average temperature 
at \W wu imparted to the feed water. 
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CONTRACT REQUIREMENTS. 

The contract with the Holly Company binds tliem to (umlali two seta of pamplni 
englnea, capable of a combined delivery of twenty-foui million gaUona of watet pa 
day of 34 lionrs, against a head of one hundred and fifty (150) fBet, at a piston Eptri 
not exceeding otie hundred and twenty (120) feet per minule, nt n boiler prv£Bi)re Ht 
exceeding eighty (80) poiinda per Bquare inch, and to develop a duty of not Icsa iLtt 
ninetj-five million foot-pounda |95,000,000) per one hundred i,100) pouudi af 
coal burned at the boilers, no allowance for ashes, friction or any wastes to In 
ftUowed. It wda further atipuluted that the above i|aftntity of water slioald h» 
delivRred when iwo-thirdB of tbe lioilera furnished were supplying steam lo ibt 
enginea, and that the duty should be based on tbe water delivered, ks determiiud 
by wair measurement. 

MANNER OF CONDUCTING THE TRIALS. 

Loc&l conditions rendered it inexpedient to run both engines at once, during iIm 
trials. It WIS decidwl to test each engine separately, for a period of 34 Lours. 

Since a boiler test could not be made iu conjunction with a duty and capacity Mt 
without lowering the temperature of the feed water (In transit through weighing 
tanks), each engine was tested in exactly the coDdiliona which maintain in every-daf 

Very satisfactory fscilities for gauging the water delivered by the pumping en^lH 
had been provided. A weir tlume of ample length having a cross-Beclion 11 feet iridi 
by seven feet deep, was provided nt its anceriag end with gratings to insure an am 
Sow of water in the fiume, and a weir notch with carefully prepared inetallie Iculk 
edges at its exit end. A vernier hook gauge, located in a box at one side of the fliau, 
iadiciited the lieiglit of water on the weir aotub. All prccaations, as recommeadcd tij 
Hi. James B. Fraiicis, were observed in connection with the weir measuremenu, ud 
Mr. Frauds' formulas were used in the computations. 

In ordinary service the water pumped by the engines Is delivered directly into iIm 
dly mains. During the leats, communication with the city mains was shut oS, ud 
the water delivered to the mensurlog Hume, from which it passed over the weir oatA, 
to a launder emptying itilo Lake Michigan. 

Since the lueaauring flume was below the engines, io order to create an utlficitL 
head for the engines to pump against, a gate value in the delivery main, near tlw 
engioe-house, was partially closed, until o throttling resistance corresponding to awal 
head ot about l.iO feet was obtained. 

In the beginning of the first trial nearly an hoor elapsed before the reislaiance aid 
engine speed could be adjusted conformably lo the conditions of the contract. Hsin, 
the capacity of the (west) engioe should be baaed on the time during wliich It Mt 
running under normal pressure nnd speed. The duty, of course, is figured for Ihe 
whole time. The (west) engine was run, however, more than 24 hours, under nonaal 
conditions. 

Of the six boilers in the battery, two, Xos, 1 and 3. were used thronghoat the IBSMf 
and these bad been under steam for several days prior to the trials. 

In ninseqaence of the peculiar conditions under which the engines were compdM 
to work, it was decided best to make a running start, 

The first trial wns with the west engine. October 34, 18ST, and was condaoted •* 
follows : With the engine running, the fires under boilers Noa. 1 and S «n* 
quickly hauled, and the grates cleaned, the steam for keeping the englna mnnlsff 
coming mainly from boiler No. 3, which was under steam. Kindling wood was quldlT 



placed under boilers 1 and 3, the wood being charc^ed t< 



"sperii 



t aa eqnlvalaDt 




la fmir-tenths (0,4) tto weight id cosl. Ac llie instant tlie Rre w«3 ligLted boiler No, 8 
v*a sliut oH. time «-u takm, S2U p. M., icd Ihe tf^£t begun Tbn engioti counter was 
Aki^D, Bleua prtHiaura and belglit of water in the IrailerH carefaltj noted. At tlie close 
«( Ibo Iri&l, after tbe last firing, when ibe steam pressure bad falleD to the point at 
wblcb it stood when tbe fires were lijjbted, tbe water level in the boilen being also tbe 
IS at l>eginnliig of trial. Tbe trial was cloHod at 3 50 r. m. , October 2S. The 
rent inlmediatel; banled. witli tbe intention of picking out any unburned coal, 
It eooagb remained unburned to make BDf account of. Tbe iteam presaare in 
boiler No. 3 wan kept below that of tbe boilers oupplving steam To the engine. 

Tlut trial with the east engine be^n October 3Sth, and was conducted as follows : 

'Vitli the engine running, tbe fires under boilers No. 1 and 3, sapj>lying sieaiu to tbe 

e allowed to burn low, and when It was decided to commence cleaning the 

ftres. lime was taken, 11.3-) a, m,, nod ibe tent began. The engine counter was tatieti, 

tlcoin prenaure and water level in the boilers recorded. Tbe Bres were then cleaned. 

■II coal added being charged to tbe eiperiment till tbe close of tbe trial, when, after 

e last Sling, the fires were brought, as nearly as could be judged, to tbe same oondi' 

>a as al the beginning, tbe steam pressure and water level in the boilers being also 

« ismQ When it was decided that tbe Area needed cleaning, time was taken, 11.40 

JL M.. October 2Tlh, the engine counter taken, and the trial declared closed. 

tl was predicted that the east engine would sbow the higher duty, and the testa 
verified ibis. 

Tbe coal was weighed In iron barrows, on a small platform scales, 300 ponnds net. 
at escb barrowful. Daring the trials tbe scales were sealed by tbe local Bealerof 
Weights and Measures. 

Tlio coal used was clean " egg " anthracite, such aa is supplied to Ibe city water 

Two observers wers In constant attendance In tbe boiler-room to look after the coal 
Two observers were els') in attendance at tbe weir, where obsei^ationa on the hook 

gsDg<! were made every ten niinalcB, 

L metallic float gauge, inclosed in a gauge box i 

water level in tbe latter. The zero of this gauge w 

of tbe pressure gangs in tbe force main. 

The steam temperature was indicated by a llifirmometer screwed 



> pump well, indicated the 
IS carefully referred to tbe center 



Tlio force n 



1 pressure gauge, 



and tbe tht 



the steam pipe 
prepared Bpecially for 



Oboervations were made, as to tbe quality of the steam, with a barrel cniorlnielej', 
Tbeae olM>;rvationa Indicated dry steam. Tbe thermometer In tbe steam pipe showed 
abont 4 degrees super- beot. 

Observations were tnadc every Htteen minutes on the engine counier, pressure 
gangea and tLermometers in the engine and boiler rooms, 

A few tints of indicator diagrauis were taken, to obtain an Idea of the Eleain distrlbu- 
UoD, hut WDTB particularly to ascertain the friction of tbe engine and percentage of 
naef al ef^l^^t, Tbe friction was thus ascertained to be T.64 per cent, , and tbe efflcieucy 
la 88 i-er cent. 

It la to be borne in mind that tbe duty, as required by tbe contract, and as given in 
Uie tables, is figured on the weir mensuremeut. It figured on plunger displacement. 
« 1b customary, tbe mean duty for both engines would have been about 103.073,000 
wt pounds. 

Tbe aeccsaary data for determining tbu steam used per indicated horse-power, was 

ained during tbe boiler trial, to be devcribed hereafter. 
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The Ubalated resttlla for the aeeond tri»i of the west eogine which was run during ihs 

boiler trUI. are merely luddental. The drop ia tlie duty daring Ihe second IrUl ii do 
solely to ih« loireriug of the temperature of the feed water from 181 drgreei to 148 
degrees. Making the proper correclion for this loss of lemperature (caused hy ihs fed 
water stBCding in the meiiBuring tuntB) the weal engine, for the boiJer trial, ahould l» 
crsdited with a duty of 100.277,000 foot pounda. 

TABULATED HESULTS, 
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dlcMor cards lahen (roiu iLe ste&n) cj-Dnders of Iho west engine. Column (3) gWa ^^^M 

res tb« Lotse-powvr by tbe plunger tmrel agaion the total bead. ColomaB (4) and ^^^| 
give lUe per cent. oF Indicated Lorse-powur utilized. beiOK tbe r&UoH of coluiuos (3) ^^^| 
idv:i>t'>(!oIulun (1). ^^^| 
Tlio difteruDce betw(>PLi tbe averagus of colummi 11) and (3). viz.: 28.5 borae-powor. ^^^| 
tbt- friction of tlie engine. wUicb. al that speed, would remaia practiDallr couDtact ^^^H 
t T«rjing heods, so tlutl for any otlicr bead tiie duty of tlie engine can readily be ^^H 
knlaied. Tlius. lor a hau\ of 300. foot tlie duty would bo iocreaaed 3.« per cent. ^^^| 

re and <^liiiders would be neceBaary. ^^^| 

WEST ENGINE. ^H 

INDICATISD AND HFVECTIVB HORSE-POWEB. ^^H 


HORSB-POWKB. | Pan CfHt. or T. B. r. rtiuimi. ^^M 


IndltaUd. 


WrtrDlMlurge. 


HOBHtTniTeL W«lr DtachuB"- 


— •■ ■ 


37a.Be 

. 377.25 
370.03 
3e9.» 
360.]0 


385.9B 

340.80 
S38.05 

333.04 
833.77 


345.58 

348.00 
S46.4S 
341.97 
341,08 


S9.M 

B0.84 
89.03 
80.04 
00.14 


oa.3u ^H 


mages. ..373.18 


330.13 1 344.03 


00.08 


^H 


BOILEB TRIAL. ^^H 

TUe lest of boilers Noa. 1 and 3 was conducted In precisely tbe same manner us wilh ^^H 
le trial of tbe east engine, and. in addition, tbe feed water was weigi.ed. Witb tbe ^^1 
re«) engine rnnniag. tlie fires under boilerx Nos. 1 and 3 were allowed to burn Inw, ^^H 
id when il was decided to comtnenco cleaning Sres time was taken, 10:23:30 a. m.. ^^H 
!lob«r MtL.and tiie teat Ire^an, tbe steam pressure and water level in the boilers ^^H 
ting carefully noted. Tbe lires weru iLeii cleaned, all coal added being cbarged to ^^H 
le eiperlneDt, until after tbe liisl Uring. The fires were brought as nearly as possible ^^^| 
t thd aame oondltlon as at tlie beginning, the steam preasure and water level Ireihg also ^^^| 
le ssm«. Wlien it was decided the fires needed cleaning time was Ulliea. 10:40:»0 ^^H 
1 3C.. October antli , and the trial cloaed. ^^H 

Uctdentally, all obsrrvallons in tbe engine room and at tho weir were made during ^^H 
■it tot as during 'he others. ^^H 

W pninped (br the feed pump, driven by the main engine) luto an elevated tank. No. ^^H 
. As needed, ibe feed was drawn from tnnk No. 1 into a weighing tank, realiog on ^^H 
lalfnrm tcalea, audi charge weighing about S.UUU pounds uet. From th« weigbtug ^^| 
tak tlie water passed Into laak No. 3, and from tbe Utter pumped into the boilera b; ^H 
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ED independent steam pump supplied witli steam from boiler No. 6. The pressure in 
boiler No. 6 was kept below that in boilers No. 1 and 2. 

In order that the resistance against the pumping engine should be the same as if it 
were pumping the feed water directly into the boilers, as. during the other trials, a 
throttling valve was placed in the feed pipe between the pumping engine and tank No. 
1, and adjusted so that the resistance against the pump equaled the boiler pressure. 
(See column 19 of the engine room log for October 28th.) 

Columns 25 and 26 of boiler room log for October 28th, give the overflow from tank 
No. 1, as measured bj a meter. This overflow is the water pumped, by the feed pump 
at the engine, in excess of the boiler requirements. 

RESULTS OF BOILBR TEST. 

Duration of trial, hours 12.283 

AVERAGE PRESSURES. 

Steam pressure in boilers, gauge, lbs 80.02 

Steam pressure in boilers, absolute 94.51 

Atmospheric pressure, barometer, inches, mercury 29.50 

Draught, force of, inches of water .652 

AYBRAQB TEMPERATURES. 

Feed water, degrees F 148.72 

Steam, at engine throttle, F 827.98 

Fire room 66.7 

External air 51.9 

FUEL. 

Anthracite coal consumed (assumed to be dry), lbs 8,400. 

Ashes and clinker from grates and ash-pits, lbs. . 552. 

Per cent, of ash in coal $.57 

Combustible, lbs 7,848. 

Coal consumed per hour 683.8 

Combustible consumed per hour 638.9 

FEED WATER. 

Water pumped into boilers and apparently evaporated, lbs 82,774.5 

Equivalent evaporation into dry steam from and at 212** F., lbs 91,335.4 

Equivalent British thermal units derived from fuel 82,202,600. 

ECONOMIC EVAPORATION. 

Water evaporated, per pound of coal, at observed temperatures and 

pressures, lbs 9.854 

Equivalent evaporation, per pound of coal, when working under normal 

conditions, viz. : with feed water at 181^ instead of 148.7'', Ibff 10.169 

Equivalent evaporation per pound of coal, from and at 212^ F., lbs. . . 10.873 

Equivalent evaporation, per pound of combustible, lbs 11.638 

COMMERCIAL EVAPORATION 

Equivalent water evaporated, per pound of coal, with one-sixth refose, 

from feed water at 100® F., into steam at 70 pounds, gauge, lbs. . . a486 
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RiXK 07 COMDUSTIOK. 

Co»l burned per hour per square foot of grate. Ilia.. . , , 

Coal liurni^d per hour, BSHumed wll)i nne-sixlli aeli. per squore toot of 

gmle, lbs 

Coal barotd per hour, assumed with one'Slilli ash, per square foot of 

water heating Burfsce, lbs. 

OmI burned per hour, asBiiiDed willi one-sixth uh. per aqoare foot of 

least area for diauglit. lbs 



lUTB 
ater evaporated per hour, from and at 

liealiDg surface, lbs, 

Water eraporaied per hour, from lerd at 100" F.. int 

pounda. gauge, per square foot of grate. Iba 

Wftler evaporated per hour, from food at 100° F. inl 

pounds, gauge, per square foot of lieatitig surface, lbs 

Water evaporated per bom, fmm feed al 100" F., Into steam a 
poucds. gauge, per square tout of least area for draught, lbs. . 



. , per square foot of 









I;OMMERCIAI. I 



(OKE. 



Od liasEs of 30 pounds water per borse-power, per hour, evaporated 
from feed at 100° F , Into steam at TO pounds, gauge, horse^power. 



CTAl. AflP WATKK r 



B-PQWBIt E>EU HOITR. 



Coat burned during boiler trial, lbs !^,400. 

Coal vrhich would have been burned if fend water bad been 181" 

instead of H8. 7*, lbs 8,130.6 

Efl«cUve hone-power of west engine for whole time of boiler trial, 

Ignred on weir measarenient 835,54 

Net horse- power of same, by plunger travel 844.04 

Indicated liorse-power of same 378,5 

Coal burned per hour (8, 139-5-?- 12,283), lbs- . . , 883.66 

Coal burned per hoar, per Indicated horsepower 1, 7TB 

Coal burned per boar, per net borse-power 1.638 

T per hour, lbs 6.788.96 

Water per hour, per Indicated horse-power, lbs IB.OOl 

Water per bour, per net borse-power. lbs 19,58 

T»ur eommittee take plrarure initaliag that thf pfrformanee of ike enginet midboiler* 
it. in tiifir opinion, emliuntty »atiiifattory, both the dutff and fiiptifUi/ being in exctu of 
\e gvaraiitu ; the mean dulg for bot/i tngtna bring over G per ctid. in erctM of the Tt- 
qairttnent* of the cantraei. 

Id coDclusion, we beg leave to express our thanks to the contractor, to officials at 
the aiy Hall, and parlleularly to Mr. T. T. Johnston, of the City Engineer's Office, for 
eouruMlea and valuable assistance. 

Verj' respectfully, 

ROBERT H. THFRSTON, 

J. S. COON, 

.IAS, N, WARRINGTON. 
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Philadelphia, December IG 
Mr. John L. OaDKN. Chuff Engineer Water Bureau : 

Sir — The nude reigned, expert appointed by jou to mike the cipsoltyand duly t« 
of the new 30.000,000 gallou Gaskill pumping engine now in operation at the Sprite 
Garden Pumping Station, respetrtfully eubtnits tbe following preliminary report of ilif 
reaults obtained : 

The data and calculated resuItB will be submllted In fall details lal«r. 
The contract made with the Holly M ami fact u ring Company, the builders of 111'' 
engine, binda tliem to fiirnlab a pumping engine capable of delivering 20,000,000 
gailOJH of water [ler diem o( 24 hours against a head of 105.5 feet above water in tli^ 
dum]> well, apeed of piston not to exceed 140 feet per minute, and to develop a duly ol 
110:000,00 foot-pounda per ten (!*>) pounds nf water delivered to boiler into 6t«»» 
of 100 pounds gauge pressure. 

During the trial test of 21 houra we found the engine to run (imoolbly willioW 
liaatiog or vibration, and, ao far as we are able to judge, tlie material and workmanaliip 
are of the best. 

We also find that the engine hag pumped the stipulated quantity of water, and V 
the same time the duty actually obtained Is 12&,022,730 foot-pounde, exceeding <ik' 
by over 16.000,000 foot-poimds, or nearly 14 per cent, 
also Gad that the duty of the combined plant of Iioilt'rH and engine tog«llier> 
lated from the actual of coal consumed, to be 121. 864.616 foot-pounda. 
Very respectfully. 

JOHN E. CODMAN, 



Expert for Philndelphil 



PHILADELPHIA, PA. 

Bpkino Gabdes Pumping Station. Novembek, 1887. 
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{. Jons h. OoDEB, Chief Bnffineer Bureiu of Water : 

Sir— Tlie following report on tbe duly and capacity testi or the SO.CKW.OOU gallon 
QiskDl Engine reeentlf completed at the Spriog Garden Pumping Station, is respect- 
tolljr pr«senlMl ; 

By iLo rngulremetils of the contract, a capacity and a duty test were to be made — 
tter witliiu two moDtLs after tLu engine shall liave bem put iu o|iBratiou. Hv 
nataal agreement bulb leais were made at lUe aanie time. 

Tlie duty rrqulf'-d by the apecllicatlons was one hundred milliona (100,000.000) 
«t foot-pounds, will) ■ consumption of one hundred (100) pounds of coat on the basis 
1 1 10) puuDdn of water evaporated per pound of coal ; the duty to be computed by 
tbe following formula : 

In wblch P = pounda of watei delivered per stroke. N = the number of strokes during 
trial, H = total fluid resistance, including static and frictional heads measured to the 
iMrfaee of water in pump well, nllowing one pound for friclion through the pump and 
pansagt^B, and W = number of poands uf coal on the liaaiB of ten pounds of witler 
■ifapormted jier pound of conl. 

~~ 9 duty guaranteed by the coniraetors was one hundred and ten inilltoiiH 
UlO.OOO.OOO) foot-pcunds- 

The trial of 94 hours durntion began at 8 a. ii,, Tuesday, Novemtiei 39lh. and 
MtmlDBted at S A. U.. Wednesday. November 30, 1887. 

METHOD OK CONDUCTING TEST. 

fM ngreml to Uke half-hourly obBeivationg from all the attachments on both 

MIcra an^ engine. For thia purpose one ateani gauge on the engluo was tested for 

Riding steam pressure therenn ; one aleam gauge out ut the Sve Inspeett'd nas si'teuted 

4 t(«tvd (or reading sieam preosare on the boilers ; one pressure gsugp on the engine 



was tested for reading the wUer pressure; and the diaunce from center of gangiiU 
BuTtace of water in iatuba-j mnasured. 

The cimI conaumed was weighed in ilie small oars used at the Btaiion. and «[t« 
inspeclian nss run into the boiler room. The Uring was done bj the regular rata. 

The water fur the tHiilers wae pumped Into a wooden tank capable of holdiog aliODl 
3,700 poucdg, weighed, and run Ihenct^ into an iron tank of about S,000 pounds captcii;, 
from which an altaclimeDt was made to the pumpa feeding the boilers. Both I 
were eel od platform scales, which had been ioNpectvd and corrected. 

Id the agreement a clause, Toluntarily made by the contractors, stipulated that the 
eDgrine while on test should pump all feed water Into boilers, and no allowaoce be nu 
[or steam so used. For this purpose four plunger feed pumps were coiinected u 
roaker arm attached to a trunnion on the walking- beam center. Two of these vert 
regulated to pump water continuously Into the boilers. Iq calculating the dutj ni 
allowance has been made for this qnaulity of work, aggregating, during the 34 honra, 
06.000.000 foot pounds. In making a comparison of duir tests with other engines It 
onlj fair to stale Chat this amount of work is commonly done by an extra donkey pnmp 
snpplied with steam from anntlier set of boilers kept running for tills purpose.lhni 
involviog not only extra labor but also coal and boiler capacity. 

It was agreed to check the water observations in the large tank at the end of (tch 
hour. For this purpose a gauge reading in inches from the hottotn of the tank wis 
pieced that the height of water could be plainly seen. At the beginning of iha M 
the height of water was read on the gauge, and at the end of each hour Ihe water w 
brought to the same point, and the quantity for the hour weighed out of the muall luk 
and chefked off by the observers. The specifications required that ten pounds of wiWf 
should be considered as a pound of combustible, therefore particular attention was gins 
la the accuncy ot llie observations on the amouni of naier neighed out to the boUsr. 

Tht- high and low pressure cylinders are both steam. jacketed with lire steun (nw 
the boilers. In the ordinary running of the engines, the condensed water resolllnf 
therefrom Is carried through a coil heater and steam trap and pumped bock Into lli< 
boilers. Increasing Ihc temperature of the teed water to nearly 213" F. 

On ths trial this jacket water was cut out from the feed pumps and a ateam tmp w 
placed that the discharge from It could be collected In a barrel placed npon plalforo 
scales, weighed and checked every hour. In calculating the duty this jacket water ku 
not been deducted from the amount actually pumped into the boilera and charged to 
the contractors, not was U permitted to be trapped back into the boilera without beif 
accounted fur. 

The specifications requiring the duty to be calculated from ten pounds of <rW 
equivalent to one pound of coal, made the engine and boilers two separate plants. Tilt 



management 



ot the bnilt 



the direction of the Bun 
The five boilers used 
prepared in the Bureau, 
to furnish a aufflclent 
On a preliminary trial it 
engine, but it was conslil 



all the Bltachments in the boiler-n 
,u of Water, but all observations were taken jointly. 
D furnishing steam were made from designs and drawing* 
nd were calculated to carry 100 pounds of steam press ore mi 
ipply of steam to enable the engine to fulfill the contnfl. 
I'as found that four boilers would furnish ample steam for the 
red best to use the five in order to mainUdu a constant iieiD 



pressure In cleaning fires. 

It was agreed to clean the fires four times during the twenty-four hours and trei^ 
all BEhes and clinkers dry. In order to bring the fires to the same condition when tbr 
trial ceased as they were in the beginning, directious were given to clean the firta lo 
regular succession three hours before the trial began, cleaning two furnaces at a Ilia* 
in the several boilers at intervals of one-half hour each, and covering a period of tm 





T3, nlid seouriag elean fires one hour before the trial bPgHQ — the aame orijpr fullow- ] 
lag in ihe BQCceBsivci fnur cleaning, and begianfo^ the last ck&Ding three hours b«fore j 
pod of the trinJ, ihua leBving the ftces as neftrly as posilble In the same eonditinn u | 
when th« trial started. I 

For oblainiDg the temperature of the eacBping' gosea. a pfrometer wan placed in Iha I 
flue Inck of the boilers. The accuracf of the pjranieter was teated bj taklog ■ 1 
cslori metrical abaervatioD trith a known weight of Iran and a given <|UHiitit7 of water 
of known temperature and found la be correct within about SO" F. An attach luent I 
was made to the steam pi ^e (o take calori metrical observations od the ijualit}' of the I 

The coal used was raiher an Inferior quality of Schuylkill nul, containing about 23 
rr cent, of clinlier and n&h, besides heing very wet. A sample of 3T0 pfnuda waa ' 
iken and dried upon the boiler Bne for twenty-four hours and found to contain 6 per I 
snt. of moisture — the eraporatitm of which is credited to the boilers and is shown in 1 
Xhs tabulated report of the results of the boiler trials. I 

Tba Dianagemvut of the engine during the trial was under the direction of the con- 
■actora etcluslvely. Two indicators were placed on the high pressare cylinders and | 
ifo on the low, and indicator cards frnni both slenm cylinders were taken simuttane- 
oasly al Intervals during the twenly-fnur hours. One of these cards has been enlarged 
»nd plotted to Kale, and from it has been determined the quantity of steam used per 
r. iiuantity of steam per horae-power per hour, together with the volume of steam 
admitted to cylinders. The Isothermal curve and the adiabatic curve are both traced 
on the diagtvia, and the area of the actual card in per cent, of the theoretical is given. 
The specifications, section 12. make il optional with the Chief Engineer of the 
Bureau of Water, whether the capacity shall be deteniiined by weir measurement or 
bf plnng^r digplaeeuent. There being no pumping main nor ireir avsilable for that 
tnc^tboil of measurement, by your direction the capacity was determined by plunger dls- 
|ilaceiu«nt, and the duly and the capacity test were run at tlie same lime. By partially 
closing en outaids stop- valve the water gauge was made to indicate ihe required pres- 
9, includiog static and frlctional head. 

CALCDLATED DATA. 

umf "f high-pressure cylinder, incladiog clearance in cubic feet 34.I2S 

ame of low-pressure cytiader, including clearance in cubic feet 06.SO 

Total cobio feet in both cylinders, including clearance, cubic feet 130.83 

i{t of volume of law-pressure cylinder to volume of high-pressure cylinder, 4.01 

Cuhic (eet in one voliune calculated from Indicator card 7.66 

Hallo of eipaosion by pressure 13.14 

KaiioAf eipaDsionbyvoIutae 12.80 

L iif theoretical card, square inches GS.4S 

Area of actaal card, square Inches OS.lfl i 

Ateaof actual In per cent, of theoretical 81.22 | 

Indicated horae-power 772.7 i 

Pound* of Meam per stroke 1.85 

nds of steam per hour by card. Including jacket 9,548.1 

nds of stenui per indicated horse-power per hour by card, including jacket 13.86 

Pounds uf steam per indicated hofse-power per boar, from water actually I 

welgheit Into bollem 14.94 

reeat. of water accunnied tor by intUoator card and jacket water BS. 

Total amount of jacket water by actual weight during the 24 hours 28,276. 

Jadicl water per hour 1,0DS I 
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EleveD cai or) metrical observations on the quality of stesm were ouule dnring 
the teat at IntervalB of about two houra each. 

Weight of water heated, poundB 800. 

Weiglit of steam condensed, pounds tO.D6 

Initiai temijeralure, deg. F 5T.3S 

Finiil lemperatur'), deg. F 111.14 

Elevation of hvat of water hj condensation of steuu, deg. F 63.73 

Abiolate steam pressnre. jmunda ,. lll.M 

Latent heat uulla at observed pressare 8TS.II] 

Latent lient units of steam as found 848,974 

Quality of steam 0.«i 

PercBDtage of water coQtained in steum iS 



AVERAGES OF OBSERVED DATA. 

Dmplete table of which ll i> 



Averages of the observed data during the 24 lioars- 
□ot necessary to give — are as follows : 

Steam preeeures, November, 20ih, 8 a. m.: 

Boilers Noa. 84. ;W. 

Preaaure bj gauge 08 98 

November 30th, 8 A. H. 

Pressure by gauge - 07 97 

average for 24 boars. 49 readings 90.53 06.53 



07 

Q6.S3 



Levels in Inches of » 



s tube, 8 A. 

Boilers Noa. 84. 

Levels, inches 8 

Levels in incbeaof water in glass tube 

8 A. M., November 30tL Nos. 34. 

Levels, inches 7^4 



WATER GAUGES— BOILERS. 

<r in glaas tube, 8 A. x., November 30th : 
Noa. 84. 35. 36, 



SM 



38. 
7i(=3Bi» 

■ 38 



TEMPERATURE OF FEED WATER. 

The tempereture of tbe feed water iu the large tank was taken three 
tlinee during each hour, bat the distance from the feed pumps to the 
boilers was so great that a thermometer was placed in the feed pipe near 
the boilers, from which the temperature of the feed water entering l>o)1ers 



Nov. 3yth, 



Nov. 30tU, Average 
8 A. M. of 49 readiagi. 



!o lank. . . 

In pips before entering boilers. . 



TEMPERATURE OF EBCAPINQ OASES. 

Nov. a9th, Nov. 30lh, 



Pyrometer readings, . 



Average 
of 49 reading*- 



66^ 


F. 


64*> 


F. 


66« 


F. 


86° 


F. 


26° 


F. 


35° 


F. 


80.655 
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TEMPERATURES. 

fire room, 8 a. m., November 29th 

Fire room, 8 A. M., November 80th 

Fire room, average of 49 readinga 

Oataide air, 8 a. m., November 29th 

Oatside air, 8 A. M., November 80th 

Oataide air, average of 49 readings 

Mean barometer readings, 24 hours, from Signal Service Bureau 

Mean pressure, pounds , 15.05 

ANEMOMETER READINGS. 

Velocity of air passing through fire grate per minute : 
Average of 4 readings : 

Boiler— No. 84 285 feet. 

No. 35 287 feet. 

No. 86 » , 220 feet. 

No. 87 260 feet. 

No. 88 225 feet. 

Average of 20 readings 285 feet. 

COAL TO BOILERS. 

Total pounds of coal weighed 44,014 

Less 6 per cent, for moisture , 2,641 

Dry coal, pounds... 41,873 

Less 26.38 per .cent, of waste 10,088 

Total combustible, pounds 81,285 

Evaporation of boilers per pound of combustible from and at .212° F., 

pounds , 10.35 

The following order was observed in cleaning fires : 
Boilers 34 and 36, furnaces Nos. 1 and 2. Time 5 A. H., 12 noon, 5 p. m., 12 M., 5 a. m. 
Boilers 34 and 87, furnaces Nos. 2 and 1. Time, 5.30 a. h., 12.30 p. m., 5.30 P. h., 12.30 

A. M., 5.30 A. M. 

Boilers 35 and 37, furnaces Nos. 1 and 2. Time, 6 A. M., 1 P. M., 6 p. h., 1 a. m., 6 a. m. 
Boilers 35 and 88, furnaces Nos. 2 and 1. Time 6.80 A. M., 1.80 p. h., 6.30 p. m., 1.30 

A. M., O.oU A. If. 

Boilers 36 and 38, furnaces Nos. 1 and 2. Time, 7 a. h., 2 p. n., 7 p. m., 2 a. h., 7 a. m. 
Ash, clinker and unburnt coal were weighed back as follows : 

Kovember 29th, 2.15 P. M. 2,850 pounds 

November 29th, 7.10 P. M 2,265 pounds 

November 30th, 2.15 A. M 3,139 pounds 

November 30th, 7.15 A. M , 1,834 pounds 

Total 10,088 pounds 

Percentage of non-combustible 

10,088 X 100^ 2^ gg 



41,873.16 

The records in the engine room consisted of readings from the engine counter, 
Bteam gauge on steam pipe, water pressure gauge connected with the pumping main, 
&Qd the vacuum gauge every half hour, with the following initial and final readings 
and averages : 
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Beadiugs at 8 a. k. , Nov. 29tli : 

Slesm gauge. Water gauge. 
IW 71.5 

ReodingH at 8 a. h., Not. SOth : 

Steam gauge. Water gauge. 
U5 73.5 

Average readings for 24 hours : 

Steam gauge. Water gauge. 
49 readingH. 49 readiugB, 



■■4 

igt, I 



RESULTS FOR CAPACITY. 

Counter on engine 8 a.m., Nov. 2Bth 719,001 

Counter on eogine 8 a. m., Not. 80lb 745J)II 

Revolutions of engine in 24 lioura M.OlO 

Be volutions ppr hour 1,088.7 

RevnlutionB per minute IS.OC 

Number of strokes in 24 honM 1D4,0M 

Diameter of plungers, feel 100 

Stroke of plungers, feel tiKl 

From data obtained on previous tests of tbe same arrangement of pump-vtlvei ud 
plungers, it was agreed to allow 2 per cent, for slip or loss of action due to suppood 
imperfect filling of tbe pump cbambers. 

Area of 3 feet, diameter of plunger, 7.0680 Bq. M 

L«ba OBfi.half BKB of 6 incli, dUmeter of plunger rod D961 sq. M 

9.9705 an. bt 
Cubic feet per stroke G.UTOS X 4=27.882 cubic feet. 
Number of strokes in ^4baurB = 104,040. 

Number of cubic feet in 24 liours^^ 104.040 X 27.883 = 3.900,843.28 
Number of gallons in 24 houre = 2,»00 ,843-38x7.48 = 21 ,608,307.7 
Less a per cent, for slii, 433.966.2 

Total capacity 21.264.341.6 

During tliia time the engine made 18.063 revolutions per minute, or a piston «P<^ 

of 144, G feet per minute. 

The contractor's guarantee was a deliver; of 20.000.000 gallons, with ■ pim> 

speed of 140 feet per minute, or 17^ revolutions per minute. 
The capscit; at the contractor's guarantee is as follows ; 

Number of strokes in 24 hours , 100,800 

Cubic feet per stroke 27881 

Gallons per cubic foot J.« 

Number of gallons in 24 hourB = 

27.882 X 7.48 X 110300=21,088.848 

l*Bs 2 per cent, for aUp 420,456 

Total capacity 80,< 

which is about 3 per cent In excess of guarantee. 

Oapaeity during test 21,264,341 

wliicb is over 6 per cent, above the guarantee. 
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RESULTS FOR DUTY. 

Engine counter at 8 a. m., Nov. 29th 719,001. 

Engine counter at 8 A. M., Nov. 80th 745,011. 

Revolutions in 24 hours 26,010. 

Revolutions per hoar 1,083.7 

Revolutions per minute 18.063 

Piston speed per minute during 24 hours, feet 144.5 

M^n head bj water pressure gauge, 49 readings, pounds 70.99 

Mean head by water pressure gauge, feet 168.987 

Mean distance from center of water pressure gauge to level of water 

in forebaj, feet 25.00 

Contract allowance for friction of water passages in pumps 2.3098 

Total head in feet, as per printed specifications — H — 191.246 

Temperature of water in forebaj 49® F. 

Weight of one cubic foot of water at that temperature 62.41 

Cubic feet of water displaced at one stroke of plunger 27.882 

Pounds of water at one stroke— P — 1,740.116 

Number of strokes in 24 hours — N — 104,040. 

Total weight of water weighed to boilers 286,982. 

Lees Zyi P®' cent, for entrained water in steiuu 10,044.4 

W— 276,937.6 

^, -, 1740.116 X 104,040 X 191.246 X 100 
^^*^^= 27,693.76 = 

125,022,780 foot pounds per 100 pounds of coal, or 15,022,780 in excess of 
guarantee, or nearly 14 per cent. 

The contractors claim that 2 per cent, for slip shall not be deducted from the duty 
obtained from the reading of the pressure gauge, for the reason that the pressure by 
gauge remains constant, and this difference, if any, is caused by the plunger forcing 
the water under the valves, and the work done by the pumps should be calculated from 
the pressure as given by the water gauge. 

Deducting this 2 per cent, for slip, the duty becomes 122,5224376 foot pounds 

per 100 pounds of coal or 12,522,276 foot pounds in excess of guarantee— or nearly 

13 per cent. 

Very respectfully, 

JOHN E. CODMAN, 

Expert for Philadelphia Water Bureau. 
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RESULT8 OF THE TRIALS OF FFTtN ACE-FLUE TFBUUR 
BOILERS 

At Spkino Garden Pumpisg Station, to Deteemine Duty asb 



Capacitt of Gaskill Pctmpino Engine. 
D»te of Trli!. November S9tli and 30ih, 1887. Duration of Trial. S 



I 



DIMENSIONS AND PROPORTIONS. 
Type of boilen: Furnace- flae tubalar. 

Sumber in use 3 

DUtneterof boiler, feet S'-fl* 

Lengtli qI boiler, feet SO" 

Number of furnaces i 

Type of furnaces, Fos'a Corrugaled. 

Diameter of furnaces, feet 8'-8* 

Length of f umaceB, feel T'-T 

Number of tubes in each boiler 90 

Diameter at tubea. incbes 4* 

Length of tubes, feet 10' 

Diameter of drum .... 

Lengtli of drum .... 

Heating surface in one iMHer, sq, ft 1,119 

a Healing surface of furoaoes (2), iq. ft 13S 

6 Back bos 

e Combustion cbamber, sq. ft 

rf Tubes, sq. ft 

« Front of boiler 

/ Side back 

Total beating aurface Id 5 boilers, sq, ft 

Total tube cross section area. sq. ft 

Ratio of tube cross section to grate surface '. 1 to i}^ 

Helglit of stack, feet I.')* 

Area of stack at base. sq. ft 2& 

Grate surface, S'-C" wide ; G' lODg ; 43 sq. ft. area, sq. ft 4£ 

Water beating- surface in five Liollers, sq, f t 5,59* 

Bnperbeating surface in Sve boilers 

Ratio of water heating aurface to grate surface 30^ to 1 

AVEBAQE PEESSUBEB. 

Steam preeaors in boiler by gauge, pounds M.SS 

Absolute steam presBnre, pounds 111.18 

Atmospheric pressure per barometer, inches SO.SSli 

Force of draught in inches of Hater, Incbes 0.IU6 
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AVERAGE TEMPERATURES. 

Of external air, degrees 35 

Of fire room, " 66 

Of steam " ; 885.685 

Of escaping gases " 555 

Of feed water, " 96.3 

FUEL. 
Kind of coal, anthracite pea coal. 

Total amount of coal consumed, pounds 44,014 

Moisture in coal, per ceno 6 

Dry coal consumed, pounds 41.378. 16 

Total refuse (dry waste in pounds), pounds 10,088 

Per cent, of refuse 24 . 38 

Total combustible (dry weight of coal, less refuse), pounds 81,285. 16 

Dry coal consumed per hour, pounds 1 ,728 . 88 

Combastible consumed per hour, pounds 1,803.55 

RESULTS OF ANEMOMETER READINGS. 

Cubic feet of air per hour 413,569.5 

Cubic feet of air per hour, per square foot of grate 1 ,969 . 37 

Pounds of air per pound of coal 18 • 35 

Pounds of air per pound of combustible 24.27 

RESULTS OF CALORIMETRIC TESTS. 

Quality of steam, dry steam being taken as unity .965 

Percentage of moisture in steam 8^ 

Number of degrees superheated 

Factor of evaporation 1.16 

WATER. 

Total weight of water pumped into boiler and apparently evaporated, 

pounds 286,982 

^Valer actually evaporated, corrected for quality of steam and surface 

writer, pounds 279,578.47 

Equivalent water evaporated into dry steam from and at 212® F., 

pounds 323,888. 5 

Univalent total heat derived from fuel in British thermal units 318,154,925.35 

Percentage of heat lost by radiation, on a basis of 14,500 B. T. U. per 

pound of combustible 31 

^uivalent water evaporated into dry steam from and at 212® F. per 

hour, pounds 13,495 . 35 

ECONOMIC EVAPORATION. 

*' ater actually evaporated per pound of dry coal from actual pressure 

and temperature, pounds 6 . 75 

^uivalent water evaporated per pound of dry coal from and at 212® 

F., pounds 7 . 83 

^oiyalent water evaporated per pound of combustible from and at 

212*> F., pounds 10. 353 
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OOMMERCIAL EVAPORATION. 

EquiTideiit water evaporated per poand of dry coal, with one-sixth 
refoM, at 70 poonde gaage pressure, from temperature of 100^ F. 
= Item 63 X 0.7249, pounds 

RATE OF COMBUSTION. 

Dry eoal actually burned per square foot of grate surface per hour, 

pounds 

Consumption of dry coal per hour, coal assumed with one-sixth refuse: 

Per square foot of grate surface, pounds 

Per square foot of water heating surface, pounds 

Per square foot of least area for draught 

RATE OP EVAPORATION. 

Water OTaporated from and at 212^ P. per square foot of heating sur- 
face per hour, pounds : 

Water evaporated per hour from temperature of 100 P. into steam of 
70 lbs. gauge pressure = Item 60 X 0.8698 : 

Per square foot of grate surface, pounds . . 

Per square foot of water heating surface, pounds 

Per square foot of least area foe draught, pounds 

COMMERCIAL HORSE-POWER. 

On a basis of thirty pounds of water per hour evaporated from tem- 
perature of 100^ F. into steam of 70 pounds gauge pressure ( = 
34>^ lbs. from and at 212^ P.), H. P 

Horse-power, builders' rating at 10 square feet per horse-power for fire 
surface, 12 square feet on % surface of flue and drum, and 15 
square feet on % surface of tubes, H. P 

Per cent, developed above rating 

Per cent, developed below rating 







^^^H 


i 


' 


s 








1 


c.,.,,2m 


= \: ^^^^"^"^'^ n 


















\ X ' 2 


















J" \ 7 D 






^r-^ - ^ 






/'■ o c; 






■// =^ !^ 






A ^ ^i ^ 2 E- !:] S! r -q^ s 




- 


s 

p 






r- 




1-1 'S^ S »»- -" 1 p i 


H S 




•S § t « B " g „ S 


S3 




,' 1 ■ i ' 1 g a n, 1 


eg 




1 J ■ a s 2 " t c 


D a 




1 ' ■ ■ ?■ 3 3 s 


pi 




E . • ■ W 1 3 » 


?§ 




= !' ,a . . , <? "H ol 






z 




• ■ ■ ■ 1 Z5' ° 






«; . ■ ■ •= S s Ms; 

,1 isaav.s.a s;? g' ^ 


:;2 

o 






td 




f -.ji7,i.^ch*Sj^ Dec w 






\\\l ^^^ f I 












i |I ? c ? St O 












- i ~- S ^ 5 






l:v, , r ' 






n g 




\ 









WASHINGTON, DC. 



AutiUST, 16S6. 



DUTY AND CAPACITY TESTS OF THE HIGH SEEMCE 

, PUMPING ENGINES, WASHINGTON, D. C. 

By Passed Assistant Enoikeeb G. W. Bairh, U. S. Navy, 



Tlie tests herein described were me 
District of Columbia, on iL? Iilgh sei 
tkCcordBncH with tli(> contract entered 
ManufacturiDg' Company, of l.ookport, K.Y, 

The lollowing deacriptiuo af the plant and of Ihi 
are ctubodied in my reporl to the Coin misa ion era : 



Lgnst, 1SS@. for tlie Commissi oner* o( tlis 

upipg engines nt tbe U Street SUlion, is 

■nd tlie HoUv 



, together with [he naaiV. 



THE PLANT. 

The plBQt iB Bituatvd on a reBerTation b«tweeD U and S and Siiietinth koA Suvta- 
leentb streets, in this cltj, its purpose being to receive water from the ^.iiicU I"" 
service main, and to deliver either into Ihe high service main or into the stand pip« >i 
the head of Sixteenth street. The high service mala referred In supplies all that portion 
of the cily shown in Plate I; while the stand-pipe, which holds 270,019 gallons oIwil«, 
sappliea that portion of tbe city beyond the boundary, and what is known as Colambll 
Heights. 

Tlis plant consists of two eogines, according to Ibe pateota of H, F. Oasliill. and ivo 
horizontal, externally fired boilers, which were built and erected by the Holly Uun- 
tacturlDi; Company. Either boiler may be nscd to drive either engine. The planum 
duplicme. 



THE BOILERS. 



ulbe 



The boilers are designated as tbe north and the sonlb boiler, and the engine 
esst and the west engine. The boilers are much larger than ia essential lo driFu lli« 
engines ; in fact one boiler Is ample to run both the engines at the conlracL speed. Tii't 
boilers are set in brick-work, with the uauul cast-iron fronts, having closely fi.iiug 
furnace diiors and ash-pit doors. The furnace la at iLe front end. The gases of wm- 
buatloD pafs first under ihe bottom of the boiler, then returning through tubes. *»it 
return ngain over tbe top of Ihe shell to the back end, to the smoke, Ilue. Almoil ^' 
whole of the external surface of the Irailer is thus enveloped in Ihe heated ^aaes o' 
combustion. The superheating surface on the top of the shell is inefficient, (cir the 
reason that it is quickly covered with soot. 



rindpKl dimenBioiiB nt the boilers &re ts follows : 

>f botl«n 

of ihe shells 

rthesliellB 

if tabes Id etch boiler 

dJKmBter of the lubes 

s of the tube* 

f tlie mbea 

JLace bttween llie tubes and the shell, at tlie sides 

laoea between the tiib^i nod the bottom of the boiler 

if the lubes, verticsllj 

if Ihe tubes, IslepBlly 

of steam drums 

' the Blesm druma 

if funisces to each boiler 

the furoBce grates 

f the foTDsce grmles 

■T»te snrfsce in eacli boiler 

TSle sarfiice in both boilers 

i cross area, for drtuglit through ihe tubes in each boiler, 
s cross area, (or draught over the bridge-wall of each boiler. 

Iraagbt through )be chimuej', at smallest coaCraciioD 

atlDg sarface in the sLell of encli boiler 

Btingsarrace in tlie tubrs of eadi boiler 

aling mrftice on ihe heads of e«ch boiler 

s water UeMiog surface in each Ixiiler 

am In each boiler 

ling surface in the shell of eat'h boiler 

ting surface in ihe dritm of each boiler 

B superheating surface in each boiler 

itn in each boiler 

vBler faeftting to grale aurfaoe, 

;rale surface to nrea over the brldge^wall for dranghl .... 

jrato surface loarea through the tubes for draught 

pate antface to area through Ihe chimcer for draught . . . 

chimney above the grate 

length of the brick work of each boiler 

width of the brick work of each boiler 

height, above the floor, of the brick work of one boiler . . 

top edge of gra'e bars 

air apace betwecD grate bars 



3^ Inches, 
tj loch. 
14 feet. 
Sii Itichea. 
S^i inches. 
5 laches. 
5j^ loches, 
3 feel S inches. 

3 feet e inches. 

5 feet S inches. 

5 f*et inches, 
30.25 square feel. 
63 5 square feet. 

3.71 square feet. 

4 03 square feet. 



I squ. 



e feet. 



63 square feet. 
743 16 square fe,~t. 
1-1.03 square feet. 



1 squi 



efeet. 



cubic feet. 
51.97S square (eel. 
15,110 square feet. 
70.007 square feet. 
69.6 cubic feet. 
27.11 lol. 

7 5 lol. 
8,1 S to 1, 
7.93 to 1, 

88 feel 4 Inches, 
SO feet 6 inches. 

8 feet 7 Inchea. 
II feel7iDcbes. 

I'i Inches. 



COAL. 
lel eonanmed during the test was a good quality of Qeorge'a Creek Cumber- 
l-bitnmlnous) coal, of the kind regularlj shipped by the contractor, and was 
«t as received. 
U1 uiBljslsby A. 8. MeCreath gave the following : 

iriewUer 1.01 

Urttar, other than water 13.92 

8a. OS 
8.11 



--1' 







pUtcs], 

TiA r^rx-^ gM w u t t?'IaA«E> a?>r jmmr ok v^ «f ?ke jsv-yevMnc crfiadets, with 

I )>>^ ^ibt t< t. i^f nr'iLj, ' m, ajid i» tvo ^fff— i rfi «f tW Iw-pttoiBiv rrlindeis 
v^ •^n«w«es«c «3i:'.d:rj J viP tA* ^wer cad ^f i^ anae ^oib. TW BoveawBta of tlie 

t--jru>'-t«wa-» 7T,.:ii^«m 'li**^ os«siwsia^-foe« rsrjemA to aad mik tke cnaks^mnd from 

Ti<^ r'.«QC^-«4<bf^ :£«« 't^oKm^-^fswOMS rrfmrTh^r fra^ tke Wobs, cuiy u^ vhidi work 

TV- ««.t4st ftA MtiuB^ ':^ 'weefiirks oc reroiTia^-akAfta, wUA reeeire their 
:vvr^^ f mt :iu^ xjkiz, %s.mSi iLryagL the iBtcrrea&aa of matgr-^emximg. The opening 
%< ''.<w, xjgpL ^9'^fmrm k^as^ raures which nre popy c tt is iflin uA br the iat^xention of 
•^*-f«< ..f>T-v.^« w.-*h ax. :E.t4rrTei:2nz ler^r. By an oaiqve amagcmeiit the one toe 
«> '>iv '4f t£u» 'X^if^ «rf;«KSi&r & trip CQVofi. A dash-pot ia emploved to coahion the 
ft -»* .A -*» ia., 

Ti^ jxrjefTi^jej^. rajrcsa aad the exhaust Talrea of the low-preaaare are gridiron 

* ''.>^ TiA Tt.r«!< are rtad'Ir aeoeaaible for repairs. The eut-off ^the h. p. ateam) 

• t. *»» «/* ^^.^&«&-:*rI^j ad; actable. 

7.-.i^ «r.^3k^^^k<x«*Mi, wL:ch corer the heads and sides of all the ateam-ejliaders, drain 
tv, % i,u^*^A fi^riwavrr h<ater,the sapplrof steam being regalatad bj ralres, without 
•.*.* . WJrTy^,*^it, 'd tusmm trapa. 

7''.> ^'Ai^ijs^ ^Mea are single, rectangular bars and the eroaa-heads are of the 

T;>r , s,kM aiyi connect ing- rods are fitted with the ordinary gibs and keys, and the 
;,',.'/• 0^^jcji with th* ordinary caps and bolts. 

1\ji y^Ats* center* are carried on cast iron pedestals bolted to the sole plates, and are 
vr*/»^, ivn:, \h^ tU;Mm cylinder on the one side and the water cyliiider on the other, by 
-mfz-^jfTL*, .f'H* braiCKs having collars and keys. The engines are moanted on brick 

Ti*»i wat^rr end in of the osoal form, except that it has a plonger (after the Wortb- 
;/«/V/o »tyi«ry which in packed by means of a staffing box and gland; thia packing is 
/<'*/,{#«'d oh\y hy r<fffloving the cylinder head of the pump. The water valves are of 
hf'fUfM, with rubli^'f M«;at8. The net opening of each valve is 1^ square inches and its 
w«r)frKt \%\T» ounces. 

TU-ft: is ao air chamber to each water end. A Xo. 8 Westinghouse air pump is 
proTi'J«7d Uf Hupply air to these chambers when necessary. 

Thi'Ttt In a Murface condenser for each engine. The condensers are cylindrical in 
forcu, with their axes horizontal, they each contain 128 brass tubes one inch outside 
'UAutfXfr. find it^ven feet five inches in length. The circulating water passes througb 
tb*; tul/«;M and the circulation is derived by a shunt from the main suction. 

TUt^rt' are four si ogle-acting aif pumps on each engine, having a diameter of ten 
\nt:hfii and a Htroke of twelve inches. The aggregate piston dlsplaeement of the air 
puriifm, pf-r revolution, is 2.18 cubic feet. The air pump valves are eight inches 
diametfr. There are four single-acting piston feed pumps on each engine, worked from 
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arms on the beam center ; tliey receive their water from the feed water heater above 
described, which receives its heat from the drains from the jackets. 

The main shaft is carried on pillow blocks, which are cast on the discharge chambers 
of the main pomps. 

The fly-wheel, which is on the middle of the main shaft, runs between the two 
pomp cylinders. 

The pamps receive their water from a twenty -inch main, and discharge into the high 
service mains against a head of about fifty-seven feet ordinarily. 

The following are the principal dimensions of one engine : 

Number of high-pressure cylinders 2 . 

Diameter of the high-pressure cylinders 12 inches. 

Diameter of the high-pressure piston rods IJi inches. 

Net area of each high-pressure piston Ill .71 

Stroke of the high-pressure pistons 22 inches. 

Displacement of the high*pressure piston per stroke ... 1 . 4222 cubic feet. 
Space in clearance and steam passages at one end of 

high-pressure cylinder .035 cubic feet. 

Ratio of clearance to piston displacement ... 2 . 461 per cent. 

Area of steam port of high-pressure cylinder lyi square inches. 

Area of exhaust port of high-pressure cylinder 123^ square inches. 

Clearance of high-pressure piston yi inch. 

Number of low-pressure cylinders 2. 

Diameter of the low-pressure cylinders 24 inches. 

Diameters of the (two) low-pressure piston rods 2}^ inches. 

Net area of each low-pressure piston 448.41 square inches. 

Stroke of the low-pressure pistons 22 inches. 

Displacement of each low-press>ire pis' on for one stroke, 5 . 709 cubic feet. 
Space in clearance and steam passages at one end of 

low-pressure cylinder .17 cubic feet. 

Ratio of clearance to piston displacement 2 . 96 per cent. 

Area of low-pressure steam port 123^ square inches. 

Area of low-pressure exhaust port 24>^ square inches. 

Clearance of low-pressure pinton. 

Number of air pumps 4 . 

Diameter of each air pump 10 inches. 

Xet area of the valves of each air pump 47 square inches. 

Stroke of the air pumps 12 inches. 

Aggregate piston displacement of the air pumps of one 

engine for one revolution 2.18 cubic feet. 

Number of feed pumps 4. 

Diameter of the feed pumps 2}^ inches. 

Stroke of the feed pumps 6 inches. 

Aggregate displacement of the feed pump pistons for 

one revolution of the engine 0.055 cubic feet. 

Diameter of the condenser 24}^ inches. 

Length of the condenser 8 feet 4 inches. 

Number of tubes in the condenser 128. 

External diameter of the condenser tubes 1 inch. 

Length of the condenser tubes 7 feet 5 inches. 

Aggregate condensing surface 248.5 square feet. 
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Bqukre feet of Mndenslng suitftce per indicated horse- 






Leogth of the connecting rods betireeo centen 

Ares of the neck of each coDiiecliog md 

Diameter of tlie cross-bead jourDnta. H. P 

Leoeth of the CTOSB-hpad journaia. H. P 

Diameter of tlie cnuik pin journals 

Length of the cranit pin jotirnslB 

Number at main journals on each shaft 

DlHQielor of the main journals 

I^Dglli of the main journals 

Diameter of the benm-center journals 

Leng'lb of the beam-center joumala 

Diamelerol the ay-wheei 

Area of cross section of the rim of [he llj-wheel 

Weight of the fly-wheel 

Diameter of llie pump plungers 

Diameter of the pumps rods 

Net area of each pump plunger 

Net displacement of each plunger, pemtroke. In gallons, 
Aggregate displacement of the two pump plungers for 

one revolution of the engine. 

Nnmber of suction valves in each end of each pump . . 

Diameter of opening of each Talre 

Aggregate area of opening of ibe suction thIvcs for 

MLch end of eacli pump , , . 

Ratio of area of plunger to area through the suction 



3.17 

04 inches. 

fi Equare inches. 

2ii inches, L. P., 2[,' inchn 
2)4 inches, L. P., aincliei 

3 ini beg. 

3^ inches, 

2. 

G ioebes. 
11 inches. 

S Incbu. 

9 inches. 

T feet II Inches. 
is square indiM. 
7200 lbs. 
14{j inches. 

2ii Inches. 
102. OS square inehM. 
15.403 

14318.82 cubic inchea. 
3S- 
1-ff Inches. 

47.35 eqanrv incliM. 



TalTi 



Number of dUchkrge valves in each end of each 



pump . 



Diameter of opening of each valve 

Aggregate area of opening of the discharge valves of 

each end of each pump 

Ratio ol area of plunger lo area through the discharge 



i-alvt 



34. 
1^ inchea, 

45-90 square Inehait, 

3. 94 to 1, 



Nnmber of air cLambers on 
Diameter of the ait cbambt 
Height of ibe air chambers 



each engine 



THE TERMS OF THE CONTRACT. 



According to the terms of the contract the duty test was lo continue for twenty to' 
hours consecutiveij, during which time It was to work amootbl; and steadllv. wliho 
heating or vibration, at the cootract rale of delivery, which is 3,000.000 galloni 
water against a head of 140 feet, at a piston speed not exceeding 110 feet prr mlnul 
The contract re<iulres a duty of 90.000.000 foot-pounds for 100 pounds of coal "I)**' 
on an evaporation of ten to one." The contract also provides tiiat the computalioD I' 
CApacity shall be maile from the plunger displacement, making due allonancv for f\ 
as the Engineer Commissioner shall delermine. 
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Tie ocmli»c; turiUer pn>»1i3o« thai ilie duly aball b« compotad by tlie formula 



Duty 



P S H X 100 
W 



[I-l 



tnd allowing on? pound 
mpaticig tlip coal used for 



iDVliir.b P = pounds of water delivei*(l per ttroke 

: total nuinber at strokes. 
E^totiLl tluld resiil&uM'. including italic and frictionnt beads, 

(or (rletion tliroud-li tUe pninps and passages. 
W =: number of poqods of cml burnt during llie teat, not c 
nlunfi; steam 

By tile term " wn evaporation of ten to oue " I nurleratand, in lliia case, a vaporiiatioQ 
of tea pouuda of watc-r for eai'li and every ponod ot cnal. froni the temperature of Ibe 
(rcrf nler, aod at (he trmperBiurii due to the Ixiiler preesure employed. 

lie ■mount of water Tnpnrized by a given weight of coal la universally conceded to 
tw llii* prf)[>er menaure of the efficiency ot n boiler, but in the comparison of boilers, 
Ihcy ahoulil have enuallygood eoal. be fml with water ot the anme lemperatore and 
luraUli steam at the aaine pressurn. The cmnpariann Is properly made by refereoM to 
111* tquitaUnt ■Baporitation, from and at 313 degreta per pound of eombutlibU ; that ta, 
«hat the vs|Kirlaatloii would have been bad the codI been without aahes or refuse of 
■ny klDd ; the ferd water delivered to the boiler at the boiling point and vaporized 
gnilfr the attuoapberic pressure alooe. 

By ri^ference to the contracts for pumping engines, between E. P. Altia A Co, with 
Ibp city of HBQDil>al,Mo., with the ciiy of Allegrheuy, Pa., and with the city of Decatur. 
lll.,«nd Robert Wetherlll& Co. wilb the city of PhlladelphiB, PH..and with Ciucinnall. 
Ohio. I find the atlpulntion of a vaporisation of ten pounds of water jier pound ot coal. 
IS )□ this caae. and that Ibe c.oiilractnra aodersloiKl it to nifan, uneqalrocjilly. ilmllheir 
lloty Is I" be baied on a vaporisation of ten pounds of waier for each and every pound 
of coal, from the normal temperature of the feed wa'er. 

MANNER OP MAKISa THE TESTS, 

The scnles Tor weighing the (eed-water and for weighing the coal were tested by the 
K«ler of weights and measures, and found to be correct. 

Tlie preaaure gauges were compared with a certified gauge, and corrections iiinde for 
llivni where errors were found. The thermometers agreed with the standard. The 
Indiutora, which were borrowed from the Bureau of Steam Engineering of the Navy, 
irrre teated and verified. 

Tbe indicatora used in tetiing the west engiue were of the Thompson make, and 
tlioae used In tenting the east engine — which came Inter — were of the Tabor make, 

Tbe coal wna weighed by clerks detailed from the commissioner's offices, as it came 
Iwni the banker. It was (ieorge's Creek Cuuiijerland coal, the kind furnished by tbe 
crairacMr, and was used just as it came; there waa no attempt at selecting the better 
punion. 

1 pyrometer was placed in the up-take ; ita error, by comparison with tbdrmometers 
>t TOand 310 degrees, showed a conatanC error — in eiceBs— of 341 degrees. The record 
o' this lemperalnre is. therefore, tliat shown by this instrument, minus 241. 

Tbe preSBUre in the mains was indicated by pressure gauges, wUicb were level with 
'^ pnup barrelo. cenler lo center, and about three feet from the pumpa. The preaaure 
'athe rinlng maliis was measured hy a similar gauge, tbe distauce ot which, below tbe 
Wiler line ot the pump, was accurately ascertained by leveliug. 

The fMd. water was weighed in a cask, which emptied Into a secoml cask, from 
■Well latter it was drawn by the feod-puiupa. 
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Tbe contractors' experts r*D the enginea and the boilers to sait themselves, irtlbMl 
Interference on either my part or that of the district employeea. The coal wa* weighed 
and delivered to the lire-room in charges of 250 pounds encL, and the firemen wert 
instracted [o regulate the lire and the draughts so as to keep s pressure on the boUitr 
gaage of nearly 100 pounds. The ashpit doors wire liept closed nearly all the tiuio, to 
reduce the rate of cotabusIioD. The ashes and the clinkers were weighed dry. Asllie 
engine and the boiler cnntiuupd on tlieir regular duly, the fires were not hauled at Iht 
end of the tests. Frnm the neighla of ashes thus obtained (about S per cent.) it i> 
evident that, in cleaning the li res, the fair proporlion had not been withdrawn. Tbe 
average percentage of ashes for the ten days preceding and succeeding the tests tiaa 
exactly ten per centum of the coal uaed. This quantity will, therefore, be used in the 
caloalation for evaporation. 

The steam -jackets were not trapped, and lUere was no means of knowing hnw mncb 
live steam was blown tbrough thetn into the feed. water ; they discharge into the h^i 
water heater (and into the feed water], the supply being regulated by thmtlhng llie 
steam beforf it reached the jackets. The extraordinary temperature of the feed. water 
would indicate that live steam was freely blown into it. 

The head of water against which the engines worked when pumping into the high 
aervice mains, was about 57 feet, but when delivering into the stand-pipe, aliout 110 
feet. Usually the pumpi are not required to pump into the aland. pipe for a longer 
period llian two hours daily. The resistance of 140 feet, stipulated in the contract, "lA 
obtained by partially closing a stop valre in the trntin. about SO fuet from the pump 
house. This valve was re(tulnieii by the Buparioteudent of the water works. Daring 
tbe test of the west engine an indicator diagram was taken each iiour from each end of 
each steam cylinder and each water cylinder. During the teat of the eaa*. englae Ihe 
diagrams were taken lialf-hourlj. During both testii the pressure in tlte boilers, tb* 
vacuum in the condensers and the pressure in the mains were observed every 15 minnlMt 
averaged and recorded at the end of the hour. The counter, the temperatures of th« 
main, the rising main, the f<?ed water, the uptake and the atmosphere, and the UagU 
o[ the barometer were noted hourly , the quantity at coal and the casks of feedwiW 
were charged as they were weighed. 

The same boiler was used for both teats ; it had been in operation about Gve ili^ 
before the Qrst teal was begun, and its tubes had not been swept during that period- 
After completing the first, and before commencing the second teat, the tubes w* 

At the moment of commencing tbe tests the counter was noted, the condition of tb« 
fire was observed, and the height of the water in tbe gauge glass on the boiler "»* 
marked In the usunl way. The tests continued, each precisely 24 hours, unlntcr' 
rnptedly, during which time the steam pressure did not vary mnre than three paond^ ' 
nor the vacuum more than an inch of mercury ; the throttles remained wide open, th ^ 
engines b-ing regulated by 'he cut-off. 

The speed varied between 30.1 and 3*3.5 revolutions per minute. An undue liin^ 
mering in the water end of the west engine at tbe end of the thirteenth hour ww-^ 
canaed, no doubt, by the pressure on ihe suction side, which had risen to seveo ponsds- 
It ceased when that pressure fell. It could have been stopped by partially closing lb>^' 
ralve in the rising main. To prevent this hauimering. under such conditions, it il ih''^ 
practice o[ some of the best builders to put springs on the suction valves. 

The feed-pump of the west engine, soon after commencing the test, stopped work-^ 
lag ; it was probably full of steam (from the jackets). The contractors' expert--- 
relieved the pressure on the pump by permitting a Bmaii quantity o( the (eed-water I*"" 
escape : the pumps gave no further trouble, except requiring frequent tlgblenlng' o^ 
l!ie plunger packings. 




?l» WflMiD^house ■ir-pump w«b aseJ two miDutes. only, doHn^ the S4-boar lest nf 
tliv WMl «tigiDe. and ool nl all during tlie ImI of the east eug-lce. 

Daring tli« tpil of t)ie west engme tlie safetj-v&lve litted, and a qumtity oC aleam 
caped; it was clotted aa [juiclcly ■» posaiMe. No account could Im mode, our was credit 
gWcn [or iLb losa of water or Leu: I))' tUia ncddeDt. oi 
clBim any 

Pawed AnUtsnt Engine.-M Kicliar.1 locli and C. W. Rae. wbnm 
nent detailed for ibe purpnse. sinod regnlar watoliea with tbe * 
Indicator dlaKmna. makin); Ibe obsertnti ton and recording tbe data. 

Tlie slip waa measured by stopping one engine und putting Ibe normal preasure of 
the bigb aervice mains upon the disi^barge valvei and on ono side of tlie plunger of oue 
oi lUs pumps (wbicL was taken at random); tlio space on the otiier side of tbe plunger 
upiped to ■ casli. in wliicb tUf leakage was weighed. Tlie valvea from tbe riaing 
main to the pump were ilgltitjr closed and. being new, were assumed to W tight. In 
ilii* way alt the water wLicb pasaed Ibrougb the plunger or Ihrougli the digcliargH- 
rtim was trapped and wpigbed. Tbe capacity of tbe cask was 992 pounds, to t' e 
( lbs test waa sbnrt. A mean oF five testa gave a slip of 06 per cent, of (be 
jilsgger displacement, at a mean head of 52.40 feet, and calculated at iLa plunger dls- 
:a of tbe duty test. Tbe slip will vary as yh. an that tbe mean slip 
tcr tbe weal engine will be 




W|43.LKix0.flH 

— — . — ^^- - = 1.58 per cent . : 



.id for tbe i 



It erkgioe 



v^i44,lSxC.«0 



= 1.69 per c 



v',',3.49 

Ti> cbeck ihis measurement of llie a.ip. 1 bad tbe valves leading lo tbe distributing 
uinaof Ibe high service cbised, and tUe water pumped directly lulo the stand-pipe, a 
oiel hnlding 270,910 U. 5. gallons, loi-sted on a liill about 3.000 feet from tlie pumps. 
Two obs«rTera were placed on the stand-pipe, and. by an electric sigual, announced to 
llie oliservera in tbe englne-boiise tbe instant the water began to flow on the Aoot of the 
(taitd-plpe, and again when it reached a given height. Tbe observers in tbe engine- 
house noted Ibe counter at each signal and notfd. at intervals of 15 minutes, the 
|>n>«Bure indicated by the gauge on tbe mains. From tbe data thus obtained the slip 
■ppaared to be sis per cent, Tlie engine was then atopped, when it was obaerved thai 
the bead diminished from lSfl.4 to DO feet in about fifteen minutes, due. no doubt, to a 
U*k either in the main or in the valve. There is a check-valve which holds tbe water 
1 thn stand pipe, oansequently the diminution of pressure was in tbe pipe alone, 
■rhleh accounts for the rapid diminution. The eiislence of this leak of course barred 
he lest for slip. Tbe original mesEuremenl waa, therefore, accepted and assumed to be 

Thn ragines were taken off their regular duty, several days after the duty test, and 
be pump beads taken off, the suction and discbarge valves having been closed. The 
Brines were then slar.td and three complete sets of indicator diagrams taken, lo :'.acer< 
lin the power required .o work each engine and its concomltanta A jet was used in 
Iw caDdensera to condense the steam ; all tbe air pumps and feed pumps (four of each 
t each nDglne.) remaiaed connected. Tbe enginfs were run at the same apeed, sa 
«Brt7 B* possible, as on the days of ibe duty tests. The exiraordinary pressure per 
{osrv loch of piston required to work ibe engines (about 9 pounds in the high pressure 
nd ftbont 0,8 in the low), is easily understood when it is remembered that each en- 
iae baa four air pamps, four feed pumps, sii piston rods, two pump rods, twelve 
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v«lve rods, (our gteam piBtoos and two water plung-ers, bMidea tlie beam ecu 
ahafi beariogs, cross-head galdes, etc., to InterpoBe trlctloD. 
Capacity of the iceit engine : 

ViAm X 4 X 44S35 (1— 0.01SS) = 2,719386 galloiiB of water iu 2 
Duty of the west engine : 

laW. M X 4 X 44.195 X (143.02—7 + 3 55)X '*' = 76 453e8a 

(ool pounds ot water lifted for 100 pounds of coal. 

Duty of Ihe vit»t engine If i^TTedL to tlie contract basis of 10 pounds of w 
lied per pound of coal, and the aJdlilon of one pound 13.31 feel) to lUe liead 
12604 X_4X 4«8JX |U3 02 — 7_+ 8.53 + a. 31)x 1" 

4"iadx7'>8i" 

foot pound* per 100 pouods of ccal. 

Rate of delivery at contract speed of piston of 110 feet per minute : 

1S.4B3 X (1 — 0.01.18) X 4 X 3U X 1440 = a.034.890 gslloos in 21 liours, 
Ctpacili/ ofl/iB ea*t engine : 

13.493 X 4(1 — 0.0158) X 44351 = 3.750.002 BTallons of water in M boun. 
Duty of tlie east engine : 

120,71x4x44354(14403-5 + 355) _ „„ „„„ ,„, 



101 183.587 



fool pounds per 100 pounds of coal 

Duty of the eaut engine referred 

per pound of coal, and tLe addilioc 

1 26.71 X 4 X44354(I44.C 



.a of 10 pounds of w 
e pound (2,31 feet) to tlie bead , 
+ 355 + 8.81)xl0x 100 _ ,o, 



FDLFILLMEyT OF THE CONTHACT. 

The engioea worked during the wlinle of the period of the tests very steadily, oitli 
out any heating or jarring, though running above the contract speed. I have do tlDuU 
they can be run, eon tin uou sly, 20 per cent, above that speed without injury. 

The duty of the we»t engine exceeded the rfquiremenls by 14.25 per cent. ; lb«<ldiy 
of (be east engine exceeded the requirements by 14.85 ptr cent. 

The capacity of the engines at 110 feet pialon speed per ininulfi exceeded the «■ 
(]uiremenl3 by 5.31) pel cent. In the weat engine and by 5. 38 per cent, in the east eD^v^- 

REMARKS. 

The large amounl of heatiog surface in the boiler, iu propoition to the area ol l^' 
grate, and the low rate of comhustion would premise a high economic etBci«ucj ol 1^' 
boiler. The comparative failure of tlie boiler, in this respect, is due, I have no doubt, 
to the in-leak of cotd air tlirough the briclc work which envelopes the boiler. Hu) tb> 
boiler been more elHcient the duty of the engine, eeteria paribai, would have beC* 

The method adopted by the contractor of uieaaurlog the steam jackets is ual ih^ 
best ; it would be better to provide proper traps aud to keep the boiler pressure in lb* 
jackets when they are used. This w. II have the effect of utiliKiog Ihelieat In the Bt««* 
cylinders — where it is roost needed — and. when properly trapped, will deliver w»t«' 
and not steam to the feed pumps. 

The engines would be improved by substituting Uard hrasi for the cast iron It^ 
pomp plungers, which eeem to cut out the packing rapidly; the stuffing boif* ff" 
these plungers would he improved If made deeper. 




The gearing (or adjuatlng the poioi of cutllog off, wliicli is ased to r^guUte the 
ed of the eng^ioe, is tQcoDvenieat and is oot easj to manage ; ■ spiral gfiit could be 
Hiiluted for the prescDt liaod lever tt b modemte expense. 

The quality of the material, the character of the castings and TorgiDga. ajid other 
l3g aoJ finish ot the engine are fatl; <-iiub1 to lliBt iu firat-dass pumping engineg. 
Able of the data and reautis Is appeniled. 

.BLE CONTAINING THE DATA AND RESULTS OF THE DUTY AND CAPAC- 
ITY TESTS OF TUE HIGH SERVICE PUMPING ENGINES OF WASHING- 
TON CITY IN THE MONTH OF A0GD8T, 1688. BY G. W. BAIRD, PASSED 
ASSISTANT ENGINEER, U. S. NAVY. 

WieT Ekoini. Ea'I Enqine. 

Dale of commencing ibe leat 8 Aug., 1388. 13 Aug., 1«88. 

TOTAL QUANTITIES. 

Juration of ilie teals, in liours. 24. 21. 

Total number of revolaliona made b? the pnglnea 44,58S. 44,354. 
Total number of pounds of feed water pumped 

into ths boiler 31,071. 83,007. 

Total number of pounds of coal uoasumed i,ViS. 3,803, 

Total number of pounds of ashes 234, 163. 

T^lal numlKF of poundsi of cnmbuatll^le consumed <I,8Ud. 3,39)). 

Total number of gallons of water IKtod 2.719,368. 2,705.003, 

IIEAS (JLMSTITIES, 

Steuu pressure Id ibe bgiler in pountls per sqanre 

inctl above the atmosphere 95.81 95.31 

Fraction completed of the stroke of the U, P. pis- 

too. when the steam was cut off. 0.2013 0,271)8 

Number of times the steam was expanded 18.01 10.93 

Height of the barometer iu inches of mercury.,, 3H,B73 30.09 

Vacnoiu in the condenser in iuchen lit mercury. . 23.260 24.S0 
Pressure in the cnndenBer in pounds per square 

loch, above zero 3.310 3.SBT 

He»dof water, iu feet, in the main 143.02 144.03 

Head of water, Iu feet, iu tiie riaing main T S. 

Number of revolutions, per minute, of the engine 30.0<il 30.801 
Somber of poundioffeed wai.-r pumped into tlio 

boUerpcrhour l,3I(t.825 1,333.025 

h'umber of thermal units imparted Lo tlm teed 

I w»ierp*rhour i,394,.'505,3 1,319,141.0 

, Height of center line of pump alfove center of 

preMiire gauge on rising main, in feet 3.,55 3.55 

I uEa» tj 

Temperature of the atmiisphere 89.13 77.80 

Temperature of the water In the rising main 88.80 80,58 

Temperature of the water iu the main. .. .. ... 85.50 61.50 

Temperature due lo the steam 331,02 334.93 

, Temperature of the feed water 301,58 lOO.JO 

i Temperalare of the up take 411,!] 830.6 
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ST. 


ToUl nnmber of pounda of water lifted aS 


.584.G0a. a3,4fl| 


38, 


Mean namber of pounds of water lifted per lionr. 


941.043- tm 


29. 


Mean uuuiber of pounds of water lifted perslroka 


126,04 J 




fTE.KM PRESaUHES TER INDICATOR, f 


30, 


Steam pressure on ibe liigli pressure pistons at 
the contaencemenC of the stroke, in pounds 






per square iicU above lero 


lOS.OSfl 


31. 


Steam pressure 00 tLe high preasure pialoos, in 
pounds per square incb above xero, at the end 




33. 


of llin stroke 


36,045 


Mean back preesure agatost tbe bigli pressure 




pistons duriuft its stroke, in [Hiunda per square 






incli above leio 


15,058 


33. 


Mean prefsure per square incli on tLe higb pres- 
sure pistons required to work tLe unloaded 






engine 


3,9583 


S4, 


Indicated preBsure on the Ligh pressure pistons. 






in pounds per square inch 


53.826 


35- 


Net pressure on iLe bigU pressure pislou, in 






pounds per square inch 


44.8(18 


36. 


Total pressure on ibe bigli pressure pistons, In 








69. 782 


37, 


Pressure on the low pressure pialoos at the com- 
mencementof the stroke, in pounds per square 






inch sboTBiero 


27,85 


38. 


Pressure on tbe low pressure pistons at tbe ends 






of Lbe strokes, in pounds per square inch above 




3D, 




10.667 


Mean iutck pressure against the low pressure 




pistons during tbe Elr.ke, in pounds per 






square inch above rero 


4.166 


4U. 


Mean pressure per square inch on the low pres- 


■ 




sure pistons required to work the Duloaded 


' 






0.7375 


41. 


Indicated pressure on Ihe low presBure pistons. In 






pounds per square inch 


11.135 


42. 




10,393 
15 301 




pounds per square loch 


43, 


Toial pressure on the low pressure pistons, in 




pounds [ler square inch above zero 




Bonss-PowEtt- 




44. 










41.368 


45. 






presau re cylinders 


34.351 


46 


Aggregate indicated horse-power developed b; 






the engine 


75 TIB 


47. 


Net liorae-powBT developed in tbe iwo high pres^ 






sure cyllnderB 


34 485 


^_ 


^■.1 k 


J 
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West Ekoimb. 


East Ekqiks 


32.043 


34.916 


66.528 


69.089 


53.639 


54.934 


47.228 


48.205 


100.862 


103. 139 



48. Net horse-power developed in the two low pres- 

sure cylinders 

49. Aggregate net liorse-power developed by the 

engine 

50. Total horse-power developed in the high pressure 

cylinders 

51. Total horse-power developed in the two low pres- 

sure cylinders 

52. Aggregate total liorse-power developed by the 

engine 

CONSUMPTION OF FEED WATER. 

53. Number of pounds of feed water consumed per 

hour per indicated Uoree-power developed 

by the engine 17.569 16.878 

54. Number of pounds of feed water consumed per 

hour per net horse- power developed by the 

engine 19.835 19.303 

55. Number of pounds of feed wattr consumed per 

hour per total horse-power developed by the 
engine 

56. Thermal units consumed per hour per indicated 

horse-power developed by the engine 

57. Thermal units consumed per hour per net horse- 

power developed by the engine 

5^- Thermal units consumed per hour per total horse- 
power developed by the engine 

STEAM ACCOUNTED FOll BY THE INDICATOR. 

59. Pounds of steam present per hour in the high 

pressure cylinders at the end of the stroke of 
the pistons, calculated from the pressures 
there 1.089.4507 1,186.8906 

60. Pounds of steam pressure per hour in the two 

low pressure cylinders, at the end of the 
strokes of the pistons, calculated from the 
pressures there 1.221.5554 1,235.1864 

61. Difference, in pounds, per hour between the 

weight of water vaporized in the boiler and 
the weight of steam accounted for by the in- 
dicators, in the two high pressure cylinders 
at the ends of the strokes of the pistons 230. 174 146.734 

62. Difference, in per cent., of the weight of the 

water vaporized in the boiler, between that 
weight and the weight of steam accounted for 
by the indicator in the high pressure cylin- 
ders at the end of the strokes of the pistons. . 17.442 11.002 

63. Difference, in pounds per hour, between the 

weight of water vaporized in the boiler and 
the weight of steam accounted for by the in- 
dicators, in the two low pressure cylinders at 
the ends of the strokes of the pistons 98.070 98.439 



13.083 


12.930 


17,096.967 


16,695.247 


19,459.83 


19,093.36 


12,835.015 


12,789.93 
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Wmt BNOU.E 


EutEhiii 


^■^ 84. 


Difftrence, in per cent., ol the weigbt of Ihe water 
vsporized in ilie boiler, between tlist weight 
ond ilia weight of sleom accounled for hy the 
indicator in llie low presaure cylinders at the 






66. 


ends of the atroltes of the piBtonit 


7.431 


::£'] 


Per cent, which the ■ggregate indicated horae- 




power is ot Ihu BggregBle lotal horse-power 








developed by the engine 


75.071 


76.9 r» 


m" 


Per cent, which ihe aggregate net horee-power 
is ot the aggregate total karse-power devel> 






■ 


oped by the engine 


os.aat) 


801BW 


■». 


Mean number of pounds of water v»poriiied per 






■„. 


Lour 


l.3iB.625 


l,3a3.iii^ 


Total uumlwrol pounds of water tlat would have 




been vaporized In the boiler had Ibe feed 






^^^F 


water been supplied at a temperature of 100 






^^^^ 


degrees Fahrenheit and vaporized under the 








atmospheric prebsure 


2i),i37;ia 


30, 246. Ill 


L' 


Total cumber of pounds of water tUat would hav>^ 
been vaporized in tLe boiler had the feed 
water been suppUed at 213 degrees and vapor- 






Bto. 


ized under ihe atmospheric pressure. 


33.333,870 


33,787.38S 




Nuiubtr of puundsot water vniiorizeii ftuin lOU 








degrees by one pound of coal 


7.067 


7,S31 


71. 


Number of pounds of water vaporized from 212 








degrees by one pound of coal 


a. 057 


«.-M 


72. 


Number of pounda of water vaporized tmm 100 








degreea by one pound of combustible 


7.852 


8.7M 


78. 


Kumberof pounds of water vaporized from 212 








degrees by one pound of combustible 


S.D5B 


1).875 


74. 


Nnmiiet of pounds of water vaporized from the 
normal temperatureof the feed for one pound 








of coal 


7. 081 


s,i»: 


78. 


Number of poands of coal consiimed per hour. . . 


171, Till 


100.WI9 


70. 


Number of pounds of combiuilible consumed per 








hour 


154.(17.1 


U4,»I2 


77. 


Number of pounda of coal conauiued p?r square 








toot of grate per hour 


5.070 


6.m 


78. 


Number of pounds of combuatible conaauied per 






Tfl 


square foot of grate per hour 


5.119 


4709 


Number of pounds o( cohI consumed per square 








foot of heating surface per hour 


0,309 


0.1 H 


80. 


Number of pooDds of combustible consumed per 








square foot of heating surface ^ler Lour 


0.138 


o.iifl 




H. k, 


^M 
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{Tbe (oIloniDg- report of tests of eugioeH Is from Document 38 — 1680, Citj of Boston, 
Tw«iit]>-6«ooiid AntiusI KeixiTt of tb« Citj Engineer for the ^Mir 188S, pages 32 to 8U]- 

TESTS OF QASKILL PUMPING ENGINES AT CSESTNDT HILL. 

Ob AiiKUKi Hth, 10th. August 33d Kcd 33d, and September S6th. 37tU, teste were 
Mil* to aaoertalD the daly of the new Iiigh.servlce piimpiug engines at Cbesmul Hill, 
■nd ibn to determine the elBclenc; of tliH bailent conoecled wttli them. 

The engines arv of the i>-pe known as the Gasklll HorizonUl Pamping Engine, and 
•lire Ijuilt by the Boliy Msnufscturing Company of Lockporl. N. Y. 

I'lie gvnaml gpecilicBtiona under wbkh bids wero received ware prepared by the Clty 
Kiigineer, in June, 1S88, and the following eiiractB from them will bLow the capacity 
ted duty rnjuired of the engines, and the methods prescribed tor ascertaining the 
Itne: 

The i-n^lnes sre each to have sutHclent capncilytu easily deliver into the Flslier HID 
BwBrvoir. Eu called, eight miUtou (8.000,000) V. S. gallon! of water per twenty.four 
lours, the total lift Iwing from IIQ to 1:^3 feet. 

The loas of action in the ptimps must not exceed four per cent. 

Tke piston speeds per minute, for Llie above-named capacities, are not to exceed, for 
ilrMi-acling engines, one hundred and tea (tlO) feet, and for beam and tiy-wheel 
ngiaea (vertical), two hundred (200] feet. 

As the efficiency of the engines is required (o be shown Independently of that of the 
mllers. tlie calculation of the required duties of the engines will be based ripon a unit 
U nater evaporated into dry steam in the boilera. the equivalent -jf which shal! be 
\'Vta hundred (1,100) pouuda of water evaporaleil from and at SIS degrees Fahrenheit. 

Ekcb engine will be [e<)ulred to exhibit a duty of one hundred million 
(lOO.OOO.OOOt foot-pounds per before eiwCifled unit of water evaporated into dry 
ttmin in the boilers. 

The duty trtnla. one for each engine, will be conducted in the following manner: 
■IniD will be raised in the boilers to the lowest prrsaure, at which ths ebginee will run 
U foil ap«ed for capacity, when the flres will be haaled, the furnaces and ash. pits 
ttMnnd, and fresh (ires itarted with as little delay as possible. As soon ae the Urea are 

II Ignited the engine will be started and run at full speed for capacity, with the 

•orklngpreaeureot Hteani, Cor twenty-four hours. At the latter part of the trial tli< 

trri wtil be burned down tiiitil the steam-preseure in the boilers is the ei 

'"ginalng of the tiial, when the engine will he Mopped. The amount of water in the 

bfilltnt la (« bx the same ni the end as at the commencement of the trial. During 




tlt« trifti the pressure and temperature of the steam, aod ihe temperatare and weljihiol 
water supplied to the boilers, will be carefullr acted. Calorimeter tests will be atit 
to determine tlie quality of the steaiu supplied to tlie t!tigii]eB, and neam conuuniiii 
not more llisQ three per cent, of entrained water will bo coniiidered dry slFam. 

The duty of the engine will be computed as follows: The area of the plnuger in 
feet will be multiplied by the pressure in puunds, due to the total lift in feet, wWdi 
will be obtained from the average reading of a currRCt pressure-gauge, ailached to llir 
force-main, near its c^onnectlon to the pump, to which will be added the preaaurv iat ic 
the diflerence of level between the zero of the gauge aed the water In tlie pump-iFrll 
the product thus oblalned will be fnther multiplied by the total number of feet travrW 
bj the plungers on their discharging strokes. This product equals the total wort in 
foot. pounds. The amount of water evaporated by tlie boilers during the trial wiil be 
reduced to an equivalent namber of pounds of water evaporated from and il 212 
degrees Fahrenheit. The total work in foot-pounds divided by tliia equivalent *h|»ti- 
tion, and the quotient multiplied by 1,100 will be duty of the engine in foot-puncii, 
per speciiied unit of water evB))orated into eteam. All eteaiu Qsed for feed-pumps, cun- 
densers, and other appliances will be taken from the boiler fumlahlDg steam to Ibe 
engine, and no allowances will be made for steam so used. 

The efficiency of the boilers will be tested at the duty trials. 

Capacity tests of the engines will be made either in conjunetion with tliu dotj triili 
or separately ; the amount of water pumped to be determined by welr-n 
the Fisher Hill Reservoir. 

The duly trials will l>e conducted by tlie City Engineer, and tlte eipens 
be borne by the city. 

The contractor, or his representatives, may be present at the duty and capacity tnil* 
of the engines, and may have access to all Instruments used and note. 

The water fed to the boilers included water from the force main and the condeoit^ 
water from the cylinder-jackets, and was weighed in a barrel placed upon a tested pl'i- 



i tub, from wbicli the Stri- 
e Ko. 1. a Knowles feed-pump was us«>i !«' 
ingiue No. 2, a, feed-pump on tl 
was checked by a Worthingtou 



form scale. After weighing, the 
pumps were supplied. In the test of eogli 
pumping the feed-water, and in the test of 
used. The measurement of the feed-water 
in the boiler feed-pipe. 

The approximate qunutlty of water returned from the cylinder- jackets waa obtilP"' 
by metering the supply from the farce main, and subtracting this amount fton to'*' 
amount of feed-water used. 

The tests were made under the direction of the City Eugineer. aod ca 
aecure accuracy in all observations. The observers were divided into night and W 
parties, and the more important readings were taken iudependeotly by t 
The tests were under the immediate supervision of Mr. JOH.X E. CHENEr.AssituX 
City Engineer, and Mr. DEXTER BRACKETT, Superintendent Eaetern Division BoeW 



r Works, the former taking charge o( the 
party. Assistant Eugineer John A. Gould acted a 



night party, i 

mentioned. 

Calorimeter tests of the steam were made during the first ai 
George H. Barrus, M. E. Un account of the dryneaa of the cteat 
and the large amount of Bieam used in making them, it w 
continue these tests at the third trial. 

The weir lueasurements at Fiaher HIH Reservoir were made under the direction ul 
Ur. Desmond FltzQerald. Resident Engineer and tiuperinlendeut Western Diviaion BwtM 
VftMi Works. 



and second teals b; Ur 
am skown by these lesu 
It considered advisable V 




It will be noted tbal. id nccord&nce with the speciGcstioDs. the duty of tbe engines 
a ID bv compnted upon a unit of eteam used by tbem, Instead al upon Ibe usual unit 
coil burnt under the boilers. Tbe duty u( the engines was tberefiire to be sliown in 
ms of heat fumisbed to and consumed by them. Tbe Duit nl steam used was made 
j[e, and consequently no allowances were made for any Hteam not used by tbe engine 
tOp?r. nor for any beat returned from the engine to the holler. 
The duty required by the speclficatinns can be expressed in general terms as : 
Duty per 1,100 pounds water evaporated from and at 213* 
_ Worh do ne in foot -pou ad.s x 1.1 00 

"" EqiUTBtent pounda of water evaporated from and at 312". 
At the trial of engine No. 3. made on September 2(ltb, 2Ttb, the work done was 
|,TM4ie,000 fiMt.ponnds. and the weight of water fed lo the boiler and evaporated Into 
at 79.9 pounds pressure, was Sf4,453 ponoda. The equivalent evaporation from 



18,45a X 



1,000 



91,060.23 pounds. 



Then.— 
Duly per 



1 .100 p. 



ids water eraporated from and at 2\2^ 
"«°°">^'"».IOB.164,eO0foot.pou.d. 



91.5UG.3o 
Tbe specified unit of water evaporated into at 
in and at 213", and this can be expreaed by thi 
By adapting the formula to this expresHlon of tbe specified u 
fancier and application, and appears in the following form 
Duty per 1,100 [Hiunds steam made from and at 213° 
_ Wx 1,003.600 



u equals 1,100 pounds of steam made 

,083.000 heat units contained therein 

becumcH general in 



0- 



wbich 



a in eqaal weight o( n 



Work done by engine in foot-pounds. 

Heat units in total steam used, in eiceta of heat u 

= (Ist) Heat units returned from engine to boiler, plus (Zd) heat units In iteam 
For any purpose other than running the engine, in excess of heat units in eqnal 

Ight of » 

The duty of engine No. 3, as per trial ol September 3Gth, 37th, is shown by the 
follows ; 

Duty per 1,100 pounds steam made from and at 313" 

8,7B4,lie.000x 1.063.600 ,„.,-,.„„„, . . 

I = 105,164,600 foot-pounds. 



J8,1S3 X 



1.000 



!• reeidt as obtained by the specified formula. 
f In the above-mentioned trial the beat of the feed-watisr was increased 38.9" b; 
UltioD of the jacket-water, and the amount of heat returned to boiler from ec 
B equals 8)j,453 X 38.9 - 3,440,831.7 heal units. The net duly of tagine 
ftlOO (wtuids steam made from and at 313° then equals 

8,7M,I]6.0()O X 1-083,600 ,nn.o, ,„„._» j 

88,4S3,OtK)-a 40.82T77 = 100,421,100 foot-pound.. 

B calorimeter teats of tbe steam bad been made, ' 
I by the addition of the beat units contained in steaj 
a of beat units In equal weight of water at 213". 



J 



nosToN, uAse. 



HECORD OF DUTY TRIALS OF TWO GASKILL HORIZOKTAL COMPODSD 
PDMPISQ ENGINES, AT CHESTNUT HILL PDMPISQ STATION. BOSTIIS 
WATER WORKS. 

BHoim No. 1. BSQDU No 1. 

1. D«teo( trifOB Aug. B-10. ISttS. Bepl. 20-37, ItM. 

3. Time of begiuning 10.23 a, m. 8.50 *. m. 

3. Dumlion 23 li. SI m. 24 L. II oi. 

i. Tol»l tHVolmiotiB 37,402.5 28,81* 

5. HevolutioQH per niinule 19,15 1B.51 

e. Net area o( pump plunger 3.3653 aq, ft. 3.3853 iq. U. 

T, Length of alroke per revolution (3 ft. X 4) 13 ft. 13 fl. 

8. Grade of water in pump wall 123,14 " 133.3S ■■ 

9. PreHHure in force main reduced to grade m ft. 

by mercury gauge 845.-5B " 248.14 " 

10. Total lift in ft 123.45 " 123.76 " 

1 1. Total lift reduced to pounds 63,973 Iba, 53,165 IhR, 

12. Total weigbt of water evaporated in boilers 86,788.5 '■ 88,458 

13. Equivalent weight of water evaporated from and 

atai2" »9,843 " 91,5flfl.3 — 

14. Steam preMure in boilers 79.3 " 79,9 "* 

15. Duty of engines as developed by trials : 

- _ _ —^^A*'?^^'' foo'-Pounds J ^^ ^^ 

Equivalent ivatet evapurated from 313'^ ^H 

. So. 1 = «■«" " °i?' -yA;#?^-^" X U«. - 103.347,KlO. " 

Bhbikb No. 1. KBoimiS* - 

10. Mean vacuum In condenser 36.3 ins, 36,53111^ 

17, Mean atmospheric pressure by barometer 30.4 " 39.3S '~ 

18. Mean temperature of air in engine-room 70-* F. 70.3° F, 

18, Mean temperature of eiteroal air. 75,1° P. eCST, 

20. Total volume of water pumped by plunger dis- 
placement, gallona 8,275,565 8,551,4^" 

31. Total volume of water pumped by welr-measure- 

ment. gallons 8,112,735 8.377,0C^ 

23. Average slip of pumps 2< ^3 

S3. Indicated horse-power as determined by two seta 

of cards for each trial 210,7 814.4 

34. Horse-piiwer in water lifted, pump meaauiement, 

no allowance for slip 17S.86 1851. 7^> 

25. Work dona by pumps in per cent, of indicated 

borse.power 64.T9]( 85.3-^^^ 

88. Temperature of feed-water f ram force main, .. 7SJI 61.3 
87. Temperature of fted-water after receiving jacket. 

wMer 10468 100,1 

26. Peroentageof feed-water from jackets 13,0^ IS,*^ 

99. Amount of feed-water received from jackets 12,281 Iba. 14,0041^^ 



[ 



The boilers used in cnnaectloil with (he engii 
tjpe, with eiiernal fiiriiacea. They 



e of the horlzoDt&l, tecum tubular 
diameter, IT feet 11^ inches long 
^□taiiia 151 tubes, 3 tnclies outside diametsr. 
{ steel, si ogle riveted in roundahout seomB, and 
Tube sheets aro }j-iDch thick steel. All rlvet- 
id reamed to aize reqaired for ^-inch diuneter 



between tulie sheele, aod e&cli bollel 

SWIIb of boilers are ,V-'°c1> ^1 
double- rivvted in liorizoctBl EeBini 
boles were punched Ig-inch small, 

A feed-water beater is located in the smoke-Hue between tlie bnllors. It is made ol 
80 briisB tubes, cnch S'j incbeii diameter, and 15 feet ioiij, supported la racks on a port- 
able cirri age. 

Samples of each sheet of steel used io the boilers were tested for tuusile Btrength, 
elutie limit, and ulongation. 

Tlie steel was mado by Carnegie, Fhipps it Co., of Pittsburgh, Pa., and was 
inapKted and tested by G, W. 0. Ferris, Jr.. C. E.. of the Mine dty. 

The boileK were built by George Miles of Boston, and the flue fe«d-heater was made 
liyltieAUautic Works of East Boston. 

The deeigns for the boileni and due-heater were furnished by the City Bugiueei. 



HECORD OF TESTS OF TWO BOILERS AT CHESTNUT HILL PUMPING 
STATION, BOSTON WATEH WORKS. 

1. Date o( triala 

1^ Time of beginnliig of trial 

3. Duration of lii»L 

DIMKNSIONS / 

8. Orate surface 38.5 sq. ft. 

3^- Area of least draught S '' " 

*- Water- beating surface 2.164 " " 

5- Superheating surface 7 " " 

^ Heating surface In feed-water healer 931 

V- Ratio of water-heating surface to ^rale surface. . 56:1 

AVERAGE PHESSVUKB. 

'- Bt«ftin pressare Id boiler by gauge 70.5 lbs. 

*■ Absolute sl«am prt-Bsu re 94.3 lbs. 

'- Atmospheric pressure by barometer 30.U4ina. 

AVEHA(<B TEMPEIiATUUBB. 

"■ External air 73" P. 

^^ 'Steam 320.8° F. 

'■ Escaping gases before passing feed-water heater, 358° F. 

'**■ Escaping gases after passing feed. water heater, 208,5" P. 

15' Feed water before paasing heater 104.05" F. 

VjK Fepd-waier after pas«iQg heater 153.(^5° F. 

'■>!' Cocbituale water from force main T3.4" F. 

'atxm thormometer proved Is b« Ueorrict. lud wu brakau while bewfi l»<>d fi 
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FUEL. 

Bomm No. 9. Boiler No. 1. 

18. Coal consumed 9,446 Ibe. 9;266 lbs. 

19. Tofl refuse dry J ^»; |; ^^ {S^; } 9.W 5.8« 

20. Total oombostible (weight of coal, item 18 ; leas 

ref uae, item 19) 8,646 Ibe. 8,779.5 lbs. 

21. Coal consamed per hour 892.2 '' 876.7 " 

22. Combastible consamed per hoar 854.9 ** 856.9 " 

WATER. 

26. Total weight of water pamped into boiler and 

apparently evaporated 86,788.6 " 88,453 « 

26a. Check on above measarement hy meter measure- 
ment 84,848 " 87,606 

26b. Per cent, less by meter 2.2 1.0 " 

26c. Feed-water taken from force main by meter 

measarement 75,486 lbs. 74,881 

28. Equivalent water evaporated into dry steam from 

and at212«P 99,459.6 " 101,897.9 " 

{Including feed- water heater 
Excluding " " •• »5'^21.3 •• 96,060 " 

29. Equivalent total heat derived from fuel in British 

thermal units: 

j Including feed-water heater 96,074,870 98,350,891 

(Excluding" " " 91,856,948 92,769,506 

30. £!quivalent water evaporated into dry steam from 

and at 212^ F. per hour : 

( Including feed- water heater 4,130 lbs. 4,142 lbs. 



Excluding *' " " 3,950 " 8,905 



• « 

it 



ECONOMIC EVAPORATION. 

31. Water actually evaporated per lb. of coal, from 

actual pressure and temperature 9.19 lbs. 9.55 lbs. 

32. Equivalent water evaporated per lb. of coal from 

and at 212® F. : 

i Including feed-water heater 10.53 " 11.00 

C Excluding " " " 10.07 " 10.87 

83. Equivalent water evaporated per lb. of combus- 
tible from and at 212*=* F. : 

3 Including feed-water heater 11.64 " 11.61 

< Excluding " " " 11.13 " 10.94 

COMMERCIAL EVAPORATION. 

34. Equivalent water evaporated per lb. of coal, with 
one-sixth refuse at 70 lbs. gauge pressure, from 
temperature of 100*^ F., = item 33 multiplied 
by .7249 — 

i Including feed- water heater 8.44 " 8.42 ** 

(Excluding •* •• " 8.07 " 7.93 •• 
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RATB OP COMBUSTION. 



85. Coal actaallj burned per sq. ft. of grate surface 
per hour 



36. 
37. 



' Consumption of 
dry coal per 
hour. 

Coal assumed 
with one-sixth 

I refuse. 



Per sq. ft. of grate sur- 
face 

Per sq. ft. water-heating 
surface 

Per sq. ft. of least 
draught 



RATE OP BYAFORATION. 



•$. Water evaporated from and 
of water-heating surface 

feed- water heater 

Water evaporated ^ 
per hour from tem- 
perature of KXF F. 
' into steam of 70 lbs. 
gauge pressure, ex- 
cluding feed-water 
heater. 



40. 



41. 



42. 



at 212^ P. per sq. ft. 
per hour, excluding 

Per sq. ft. of grate 
surface 

Per sq. ft. of water- 
heating surface. . . 

Per sq. ft. of least 
area for draught. . 



BoiLSR No. 2. 
10.19 lbs. 

11.07 " 

.197 " 

71.01 " 



1.88 " 
89.8 " 



\M 



078 



« 



« 



BOILBB No. I. 

7.00 lbs. 
8.78 " 
.198 " 
71.7 



1.80 
69.8 

1.57 

566.8 



It 



4« 



it 



*» 



it 



COMMERCIAL HOB8B-POWSB. 

43. On the basis of 80 Ibe. of water per hour evapor- 
ated from temperature of 100^ F. into steam 
of 70 Ibe. gauge pressure ( = 84^ lbs. from 
and at 212^ 

f Including feed- water heater 
Excluding 



«< 



119.7 h. p. 
114.5 



i* 



120.1 h. p. 
118.2 



i4 



Note. — During a trial on August 22-23, Boiler No. 1 evaporated 10 lbs. of wat^r ]>*Tt 
pound of coal, or an equivalent evaporation of 11.57 lbs. frfjin and at 212^. T)i#) lowt-r 
evaporation obtained in the trials recorded above are believed to h*s largely due Ut tU*' 
inferior qualitv of coal used. 

The logs of the teata are shown in the table. 



^^^r wo UF TEST OF ENGINE No. 1 AND BOILER No. 3 AT CUESTNCT ai^^H 






PUMPtNa STATION. BOSTON. ADG. »-tO. 1888. ^^H 
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^^ LOG OF TEST OF ENGINE No. 2 AND BOILER No 


I AT CHESTNUT Hlli^™ 






PDMPINQ STATION, BOSTON, SEPT, 


26-27, 1888. 








G..... 


____— 1 


I 


2 


8 


4 





8 


7 


8 


9 


10 


11 


18 18 


14 


18 


le 


17 


IS 








" 


^i 








T 


^^ 




T»~ 








7 






i 


f 

•s 


3 
S 

1 

1 


I! 

Is 


j 


1 


1 


1 

1 


1 


. 


1 

! 
1 
1 


1 

1 


1 

i! 

1? 


i 


i 


i 

i 


1' 

>• 


1 


1 


1 


£ 


PI 


1 


11 


1 
1 


l 


1 


I 


i^ 


S 


1 

1 


I 


I' 


8^.1. M. 

B.KH..m 








FHbl 

bu«.l 


Ul 




i 


1^ 


ft.' 

1 


i 


* "" iw" 








28 IS 




■m 


»■ 


3»4 


Ma;M 


iBsiMBolsrs.s 


wle 


m" m 


io!ao •■ 


■m 


673 


M7.a 


iaa.05 eo.a so 


afi.B t».is 












aa 


9 


... ''M 


1 ji.oo ;■ 


1.S6B 




148.41 


ISM 48 80.3 HO 










834 






1 


m M 




1,840 








2 


104 








u 


....'M 




bIsos 


ma 


MB:ib;iM.43,-i -■ J. r, ,■.). 






IW 


8i4 


iio 


B7 




ai |]M 


< oiaop.iii. 




B80 


»46. 40 183.40^.1 ■ 












oa 




... m 


1.00 •■ 




BSS 


M.V 


183.41 --11 - ' 










ige 


71^^ 




« IID 


1.*) '■ 


4;««8 






128.41 -ii 












7ir - 


..'iM 


S.» " 


im: 


STT 


ue'.» 


ll!3.41'vi ■■'■-' .I.'. :'■-,: 




«i< 


140 


m 


198 


tim'b 


11 n 




(HM 


sra 


818.76 


m.KtM. .■■■-' ::,i,.:. ^'^i. 






146 






"11 


.... in 




8.000 


S84 


Me. IB 


lSa.4TB0„'ittii .fli.i 


Boaii 






138 


3io 


185 


oiM » 


s!so ■' 




B8B 


ua.n 


at.aann.Tv bisb.s 


M.M 












K ^ 




4.00 '; 






M«.iO 


m.SRTB.H.TV 18.6 






e« 


ISO 








tiii^ w. 






Ml 


*46.S0 


139.41 TV.8,ni I30.4 




s 


10s 


14B 






.... m 




iBSS 


m 


MO. 10 


118.88 








I4T 


sro 


si4 


71 k . 


n KB 


s.8a " 




naa 


W.lt 


l£8.« 


JB.8|7» 




sH:sti 












71 .B 


.... Id 


B.Da " 


9.UB 


BW 




isa.36 


7B.STO 


8«-6 


£8.28 


1 








388 BSI igSiBI ll» 


S.SD •' 




ua 


mb!ii 


un.sB 


tb.b!^ 




WU 




100 


IM 








io.ror 


»a 


14S.8I 


i«aii 




»:8 


SB.W 






150 


4j6 


7.K •' 


ii.sw 


5§ll 




183.4] 


w'.em 




B.St 


1 








8-DO ;; 


11.888 


868 






TB.3 9 
















ii(,*ri 








n.aiTs 


:«!b 


■si« 




ee 










talora 


888 




iia;4i 


7B.a-a 




B,S7 


1 




188 


438 


Ki fly £ BiHiui 


9.ao •■ 




870 




183.40 


ni.B|79 




W,8Y 




IBS 




., > IE ;... |1M 


10.00 " 


u.sa» 


K9 




188. 41 


7it.al79 




i».ta 


1 








?r9 «8 il "1 in 


loim -; 


14786 


080 






n.SlTO.S.'M.B 


98.88 


104 




... |£8 ^-,...ll« 




misns 


888 


H8:4< 


i!s:« 


Tfl.B.M |a«.6 


».4U 




m 




aw .71 m iiis 


IIJW ■■ 




HO 


548.10 


m.40 


78.81-0 nan 


89.48 






173 ;. . 


-^mt 


18.9) *■ 


lalsaa 


UB 


MS, 80 


1U.48 


78.91-8 




£9.43 








lr.&."». 


1T.1« 


889 


M0.80 


188.40 


Bos'rfl 


a.5 


B9.4i 


1 


BO 


ITS 




1.00 ■■ 




686 


£,.8.00 


iia.sf 


»a7B 


ai,6 W.4B 


g 






448 


288 


73 OS 01 » 


l.» '■ 




887 


MS .86 




ro.sTD 














73 1 B ■■ * 


t.t» " 


laissa 




MS. 11 


ia.4l 




ib> {sii:44 










308 


78 1 a 


«i 1" 


e.so - 


IttWT 


888 




188.44 




as.TO . 


1 


10! 


IBt 








- "X 


1.00 " 


»M)r3 


686 




ia.40 


TO8 7S 


».T8i».4fl 








450 


BU8 


73" ; 


fl wj 


s.aD ■' 


tO.BSS 


BTS 




tsa.4B 


79.8:78 


M.76|. . 












TSii 


<:<» - 


ai>K 




HIM 


188*4 80.8 78.6 














*' s 


1.80 ■■ 


«1.8M 


681 






I87fi| '. 














-. 'ffi 


B.aQ - 


a«.s9(i 


Ml 


!«:* 


Im"«}i0.87B.6 


M.G W.48 






480 


884 


73 '\ 


* IS 


B.sn " 


aiptw 




MU.OO 


ra.4fi™:l'^ 






88 








■ ^ 




«!qd ■; 


18^074 




m.u 




H^nWGS 






ail 




800 


78 i& 




ii^itti 


ASH 


H6.W 


i2»..w:8aa;8 Elsosj. .. 






m 








-.■ 1?" 


7.00 ■■ 


uIth) 


M(0 


Wfl.M 


12a.3S'79.879 IWB £9.60 








m 


SM 


Ml 


«1 


s 


T.m •• 


Ht.StO 




24o.nnira.Msn3n).B'afl(! ... 
















8,00 -; 


<S,t<B 




MM i'--^ I'.'a -^-i r« n ;« s ■» 7n Sm.M 










" 1 






sa,MS 








DO 










s!oo " 


S^^OBS 


6W 


^|:;^!--^ ■■'';: :;:^ mw 




100 


M 1 1*4 


no 


"Hf 




V.W '■ 


^7,688 


401) 














•■*• ;; 


M.(»l 


«ti 
















L» 


















. , 








stir 


s4«i4rMW?HH:B,:i;f,,sa'Ste 




1,10.1 


10.1.2 mn 


aTa 


70 8 M 


mhii 


^ 






k 




_^^ 



T^ 


ni 


!« 


^VS 


" 


•sS 


Fj^ 


ff'BorLEE -Vo. 


1 AT CHEBTNCr 


TOB 




PUMPINQ STATION, BOSTON, SEPT, 3G-2T. ISm.-CoTainwd. 










QU.«T,TT OP 


«-™F..™Bo.«. 






















WATBa 




IB 


SO 


U«t«M>a>B 

U ChBjll OB 


nmaul OMd 
W.ightog. 




B, WrtflUBI. 


KruvuTn. 


I 


81 ! as 


SB 1 M 


S6 


S6 1 S7 1 SS 


^ 


80 


SI 1 a» 


1 


1 

it 

11 


i 


j 

j 

} 


1 
1 

s 

L 
1 
1 


1 

{ 

1 

1 


1 

11 

ii 


1 

3 


B 
1 
1 
1 

1 


It 

III 


V 


1 

1 

ll 


1 

11 


1 

1 


MptS. 


^ 


LtM. 


FnC 


Cablo 


Lba. 


Lb*. 


^:.r 


a." 


Uh. lm. 


Ua. 


1 


LtM. 


Lbi. 








lum 


g 


488 


4»0 






1 B(H 


.KB 


4!4 


^ 


~BM~ 








U.1OT 




1.0ffl 


S.4l( 


:: 




a,W'i,»40 


0,149 






1. 9*0 








I8.IW 


ST 


I.B74 


*.m 






a.l«B.S 1.688 






■«* 


I.1S3 








18. lU 


M 




e.»o 




..!. ; 'e» a.iB8 


alwB 














IS^IM 






r,8iB 




IS.B 1.418 I.l« 


7^»M 


Wf 


sac 










1S.S1T 






B,«W 




,.,. 'l,«17.S 1,TBS 


D.1M 




sno 


I.7M 








1S,»U 


30 




10.913 




T.8 . IJISt B \«tS 






190 


1.018 








is.in» 


31 


LSM 


ti^nw 






1,081 .a 1,941 


IIHTO 




eoc 










ttw 


M 


i.ms 


14,I1W 


H 


iii.t 


S.Kt '1,317 


I4,TW 






!,«» 












Law 








880.B .314 


16101 






lW 


ra " 






ilw? 


3.1 
S8 


1.170 

!.no 


IsilCH 
!W.ii74 


« 


8.6 


*.TW6|8.IS6 

i.tga.a ,i» 


18,396 

90,491 


m 


48« 


1.663 




xjiii' 




18,4«l 


W 




81.™) 






1.5».t' .444 






B&i: 












at 


i!tw 


M.m 






m I .818 


saiTH 


sa 




liM* 








1S;4T8 






ss.KBe 


48 


\i-i 


151)1.6 .BIT 


ie,Me 


3 




1.899 








i3,Bffr 




1.8M 


ar.iM 




... 


I.01T.S' 1.878 


«r,44B 




14* 


1,8^ 








I3.UT 


» 


l.TOS 


X8,t>M 


M 


e.t 


t.m.B 131T 


tt.HS 




14B 


1.B1T 










81 


\tm 


SO.BTB 






1^«M 




81 JW 




ao 


ISBS 












«.wo 


aa,wi 


si 


is 


a,(»i 


S.084 


33.968 






I,OM 












1.874 


B4,M« 






1.703 


l,<»S 


84.VBI 




m 










ii.u; 


89 


I.«M 


9«,R« 


47 


io,7 


«.m.B 




ST.S'T 




ana 


I'as] 








18,8U 




l.»M 








i.m.s 


I.Hl 


SDIU 


4 


6Ba 


laai 








1 :«t 


«s 


l.TSd 


40!iM 


M 


'i;!! :B,08a.D 




40;9I9 




awl 1,154 




iVsu' 




H,TM 




1.800 


*S,WB 




... i.aw.G 


i'.Bi» 






B»| i.Bsa 




s 


18.783 




1,814 


44.1M 


48 


8.B l.WR 


i.im 


44.'483 










s 


1 ,BOB 


m 


t.Sl* 






.,.. 1.7838 


l,flSO 


4fiU8 






I.Tia 






Ress 


VI 




47;wf 




ia,6 i,Bii5 




47.H06 




(W 


1.803 








iii.m 






4B.1M 




. i.uM.r 


liSre 






aw 










1t,BI« 


38 


1.984 


ttl.l.V 








m'.em 




an 




B " 


."r. 




I8.BM 




t.«l 






!';'J;ZS 


1,M0 


6S.B97 


m 




l.DM 




...... 




IMB 




1.018 


bi,W 


an 


—1.4 s.oir.j 


1,B»1 




ss 


7'0 


1,4«1 








Sfl 


.K18 


ht.m. 








^8'(^8e 








4.007 


W 


.TM 






ii.a fciMa 




BlkTIffi 


sE 


wo alow 






i.o»a 




,eM 






. l.RtB 


I.ST8 


aa.is83 




MO 1,948 








4fiM 




.«* 




M 






89,694 




800 1.801 








*,«« 


ai 


.nt 


ft»,W8 




..:, i.m 




B4.48S 




48S 1,818 




iinu' 




4.IS8 


% 


.uo 


tU.3tH 




a.6 , 1.T91.B 


KMB 


«a,D3B 




E40 IftlS 












.BW) 


UT.iOH 






1.BKJ 


l>?8 


«t:bii 




WO t.m 








iiss 




,eM 


BO.l*) 




i»-« 


1,SU 


1.841 














*.au 




.m 


7(1.W0 










tiItdo 




*w lieis 








tM4 


«i 


an 


WB7J 




i'.c 


i!»Sfift 


1008 


TB.738 




MB i.tea 


m^ 










.m 








Mat 


1.881 


^384 




710 1.GI8 






(iw) 




,TM 


M,3!1S 


4V 


'i'-i 




l.TM 


n.119 




HO y«a 


Rv^ 






14.180 


89 


l.TDH 


miso 






















4.UU 




1.9I1U 


TB.IW. 




ii^a 


t.Tiaii 


l!s78 


80.814 




4811 1,883 




















1.018 


IBTB 


steos 




640 l.fiS3 








iillfi 






Bsiaa* 


lii 


TB 


1,834 


l.T» 


81,447 




MQ 1,7W 










l.BSl 


w,aw 


. 






toos 






4H £,088 


j5 " 


iM^I 


h'.isi 


SM 






0.8 


8|«0I 


s.m 


m.m 


^ 


l.fM 1.JW 


Em ~ 


'-":i^! 


i<.si3 




,"'"' " :'_: 




■;:. ' "",' 






JS 


'jib '"" 




a;S66« 


1,4111 


srwi' 


I.3M) 


M».T '8S,«a 








- IM 



I 



BuSTOX. MASS. 



BOBTON. Aug. 30, 1888. 
Mr. William Jackson, Oitg Engineer, Boatan . 

Dbar Sir— I beg to report aa (oIIowb concerning my calorimeter tegt o( tUe quililT 
of tbe Hleam used by [he Holly pnmplng engine at ibe CheatDul Hill Slallon af tbe 
Boston W&ter Works, duriag tbe duty trial of the uuue. made at yoar reqaesl on ib< 
Dtli and lOtb luBUint. 

The calorimeter nied for the test was one of my contiouoUH snperbeBiting ca!o^im^ 
ters, a description of which ie given in the " Transactions of the American Socleij of 
Mechanical Engineers," Vol. VII., page 178, and Vol, VIII., page 235. and it vru »l- 
(Bcbed to the main 104nch sleam pipe at a point about midway between the boiler and 
the pumping engine. Tbe aaniple of steam tested was drawn tbroagh a ^^-iudi prr- 
forated pipe which extended In a burlxontal direction into the insida of the main, *aA 
diametrically across it. 

The tests were in two series, one being made in the early part of the trial and oia« 
in the last part. 

Tbe steam used by the calorimeter was condensed iu a surface condenser, and Sftj 
weight determined. The whole quantity during tbe trial amounted to ],3S9,S poanA^ 

The aecompanying record presents the full set of oliBBn-alionB, taken attar tbe a.^ 
paratua bad become heated to Its normal slate, corrected tor errors of the tbennoir^ ♦ 
tort) ; and appended to the record are computatioiM giving the percentage of molsIlM^ -re 
obtained from the average readings of the trial. 

Tlie result of the testa shows that the steam contained ,'g*g of one pec a«Dl. nl 
molHture. 

Respect fuliysubmitted, 

GEORGE H. BARRL'^fc. 
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CALORIMETER TESTS, CHESTNUT HILL PUMPING STATION.— 

COMPUTATIONS. 

Deobbes. 

1. Superheat lost by jacket 28.3 

2. Superheat lost by jacket, corrected for 6 degrees of radiation 22.3 

3. Superheat lost by jacket, corrected :!or radiation and for ratio be- 

tween Bteam used for superheater and that used for sample. . . . 24.7 

4. Superheat in sample steam when discharged 18.8 

5. Superheat in sample steam when discharged, corrected for 1.5 

degrees of radiation from supply-pipe 20.3 

6. Superheat expended in eva{>orating the moisture contained in the 

sample leaving the main (lii^e 3 minus line 5) 4.4 

7. Percentage of moisture (line 6 -i- 18.7) per cent. 0.24 

WEIR MEASUREMENTS. 

The following are extracts from the report on the weir meaaarements by Mr. Des- 
mond FitzGerald, Resident Engineer and Superintendent Western Division Boston 
Water Works. 

Description op Wbib. 

The 80-inch force main from the pumps delivers into one end of a brick compart- 
ment in the gate-house at Fisher Hill. The weir was built into the other end of the 
compartment in such a manner that the water could discharge freely into the air. The 
surface of the water in the reservior was maintained at a fixed height (grade 239.00), 
something over a foot below the crest of the weir, this being the height at which the 
correction for leakage from the chamber was made. 

The elevation of the weir was 240. 164. It was constructed free from end contrac- 
tions. The sides consisted of a framework faced with boards planed smooth, free from 
irregularities, parallel and at rijj^ht angles with the weir. The depth of the water for a 
considerable distance behind the weir was 20.24 feet, which gave an insignificant ve- 
locity of approach, and allowed the water to flow freely and smoothly to the weir. This 
action was still further aided by sets of screens placed near the delivery end of the 
force main. The lip was a steel straight edge, nickel plated, 0.0066 in thickness, care- 
fully leveled, before and after each test, by a delicate bubble, made by Buff & Berger. 
The exact length was determined by a special brass rod fitted with sliding scale and 
vernier. The mean of a number of measurements made the length of the weir 5.008 
feet. 

Hook Gauge. 

The hook gauge was arranged after the method recommended by Fteley and Stearns 
in their hydraulic experiments. 

A plate was fitted normal to the current on the side of the box, at a distance of 6 
feet above the weir and 0.4 feet below the crest. From the center of the plate a rubber 
hose led to the gauge -chamber, which was conveniently placed in another compartment 
of the gate-house adjoining the weir chamber, and separated therefrom by a water- 
tight dam. 

The of the gauge was placed level with the lip of the weir by means of the same 
apparatus used by Fteley and Stearns, and which gives a very delicate method of ad- 
j usting the levels. It is fully described and illustrated in the proceedings of the Amer- 
ican Society of Civil Engineers. 
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Obssrvations. 

The heights of the water flowing over the weir were taken everj five minutes 
throaghout the duty trials by two observers, who alternated in descending into the 
clumber. Each observer checked the previous reading before taking a new observa- 
tion. By this method errors were reduced to a minimum. 

Formula. 

In the general formula for flow over a weir with end contractions suppressed, the 
co-efficient 8.85 was adopted from the Fteley and Steams experiments on a weir of same 
length and about the same flow. The correction for the velocity of approach was com- 
peted after the method recommended by Hunking and Hart, and was found to be 
1.00043 for August 9-10, and 1.00044 for September 26-27. For five minutes, or three 
handred seconds, we have 

2 Qg= 7.48X 300X 8.35 X 5.008X 10004* X (2 H ^) 

The following method was pursued in working out the details. The heights at the 
beginnings and ends of the 5-mt. periods were added and their mean taken for a new 
height = Hm. 
The f power of this height was then found and placed in a column. 
The total sum of the number in this column gave (IB. I A completing the numeri- 
cal values in the above formula. 
This process is somewhat laborious, but is believed to give results that will be found 

trustworthy. 

THE TESTS. 

The following is a brief summary of the test made on Aug. 9-10, 1888. Water ar- 
rived at weir at lOh. 21m., August 9, and ceased running at lOh. 13m., August 10. 
Treating first the even periods of 5 mts. we have 2 II 1^ = 218.7545 

8.050,700 gals. 

21,558 

16.964 

1,661 

21.842 



m 



<< 



(« 



.-. 2 Qg = 7.48 X SOOX 3.85 X 5.008 X 1.00043 X 213.7545 = 

Flow from lOh. 21m. to lOh. 2om., August 9 

Flow from lOh. 10m. to lOh. 13m., August 10 

Rise in weir box before normal flow 

Leakage (measured), main, gates, weir, etc 

Total 8,1127726 gals. 

The following extract from the log for one hour is sufficient to show the details, 
Aug. 9, 1888 : 



Time. 


H. 




12-00 


0.833 




06 


0.824 


10 


0.837 


15 


0.834 


20 


0.835 


25 


0.860 


80 


0.858 


85 


0.848 


40 


0.823 


45 


0.852 


50 


0.828 


55 


0.801 


18-60 


0.807 



Hiu. 


H.„». 


H|„ 

1 


0.8360 


0.5843 


0.7644 


0.8285 


0.5087 


0.7541 


0.8305 


0.5728 


0.7508 


0.8355 


0.5837 


0.7037 


08345 


0.0811 


0.7623 


0.8475 


0.6087 


0.7802 


0.8590 


0.03:^ 


0.7901 


0.8530 


U.6207 


0.7878 


0.8355 


0.5832 


0.7637 


0.^75 


0.5>^74 


0.7004 


0.8400 


0.0927 


0.7G99 


0.8145 


0.5403 


0.7351 



V II i 

•*• "ill 



13.9576 



0.8040 



0.519: 



0.7209 



9.2005 
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The test of September 26-27, 1868, was treated in a similar manner. It will be 
unnecessary to repeat the methods pursned. The following is a brief summary : 

Water arrived at weir at 9 hoars 49)^ minutes, September 26th, 
and stopped 9 hoars and 50 minutes, September 27th, giving a 
total flow of 8,853,497 gallons. 

Add leakage and rise in weir box 28,508 gallons. 

Total 8,877,000 gallonB. 



BOSTON, MASS. 



OFFICIAL REPOET OF YEARLY DTTTY 

OP THE GASKILL PUMPING ENGINES AT CHESTNUT HILL STATION, 
SHOWING AN AVEIiAGE ON ACTUAL WATER PUMPED AND ACTUAL 
COAL CONSUMED OP 96,445,400 FOOT-POUNDS. 

Office of City Enginbbb, Cmr Hall, 

Boston, February 17, 1890. 
Mr. C. G. HiLDRBTH, Secretary Holly Company : 

Dear SiR^At Mr. Jackson's request, I send proof-sheet of work done at Chestnut 
Hill Station during the past year. The re{>ort will be ready for distribution in about 
ten days. The gallons pumped per revolution was taken at 295 instead of 302, the 
theoretical displacement, or an allowance of 23^ per cent, for slip. This is done to get 
the actual amount consumed in the district. The correction for steam used in heating 
was shown by a meter. The correction for steam used by dynamos was assumed to be 
thirty pounds of coal per hour, while the dynamo was in use — after calculation and 
experiments. You will notice that our boilers have done good work although banked 
6J^ hours per day. 

Yours truly, 

J. A. GOULD, 
t Assistant Engineer. 

Note. — Adding the 2)^ per cent, for slip, and counting the evaporation at 10, instead 
of 9.7(j. the showing would be 99,869,590 as the average duty for the year, which, con- 
sidering that the fires were banked and the pump not run for '*6J^ hours per day," is 
not only a remarkably good yearly record for the engine, but reflects creditably on the 
management of the engineer. 
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REPORT OF 
HENRY BUIITON, M. E., and ASA R. COLE. 



POHT Huron, Micu., December 31, 188S. 
To the Uonorabie Board of Water CominUiioneri of the City of Port Huron: 

Qkntlbhkn — ruder j'our inelructious handed the anderslgned on ilin nili ImL, 
to mtike ttaminulioD bd<1 lovesligBliun of ihe puuipiog eDgioes lalelj placpd in llnni; 
Water Works of tliia cii; by the Holly Hinufacturlng Coinpany of Lockporl, N. T., 
we herewith submit our flodiDgs and would reipectfully report : 

Ist. That upon esamioallon we Gnd Ih&t Ihe Holly Manutactarlog Companj' bt" 
placed in llie City Water Works one set of pumping pngines of the lioriaontal b 
rotative type, compound, condeoalng. consisting of four cylinders, two high and tvo 
pressure, of the tollawlDg dimensions -. 18 incLea and 30 ioclies by 32 inches, workilf 
In common on one shaft with By-wlie«l between tliem. Each engine being connsaed 
to pumps of the following size : 22 inches in diameter and 32 Inches In siroke. 

We further find that the engini' and pnnipa are conntrucled in a thorough and wort- 
manlike manner, practically complying with Ihe speclflcalio 

3d. On the I9ili inat. we commenced a capacity trial of sii houra continued duraliMi. 
running from 2.S0 lo 8.30 p. u,. during wbicli period the engines maintained a pi«l°° 
speed of 87^) ^""^ P"'' minute under a steam pressure of aerenly pounds, i 
pressure on the pumpa of forty-Sve pnunde. As the water Is delivered by ilie puni* 
directly into the dlsiribuiing mains lis volume cannot be meaaured. 

The capacity of the pumps Is, therefore, found b; computation from the displaoaniM' 
of the pump plungers. 

Therefore we find that the engines made during this six liouri run S.895 revolnliDU' 
pumping 1.226.160 gallons under a water pressure of forly-five pounds, which ttf^ 
4,904.640 galloas for twenty-four hours service of pump. You will notice lliil i' 
only required a piston speed of STi'i feel per minute to obtain the above result. 

If a piiton speed of OS feet per mionte were maintained the pumps wiuld far aicc' 
Ihe amount, five million gallons, as speclBed in the ci 




PORT HURON, MICH. 

be amouot of coal coDsamed ia makiog tliis slihoiir ran wis 1,353 pounds, making 
of 102,038,623 pounda per 100 pounds of coal [actual] consumed. 
1. Al the close of llie gii-liour (est Immediately followed an eigliteen-hour teat of 
MJo dutv. with boiler pressure at sixty pounds and a water pressure of foiiy-liTe 

aa 

^e Gad at tbe close of tlie test that there Lave been 2.3SS pounds of coal consumed, 
ramping 1,680.376 gallona fleao than half Its nominal capacity], making dutj 
1.760,886 foot-pounda per liuodred pounds of coal [actual] consumed, 
ih. At tbe eipiralioQ of the eighteen-boor test we made a half-bour pressure teal, 
the following result : Boiler pressure seventy-five pounds, engine making nine 
lotions per minute, and maistalDing a water pressure of from ninety to one hundred 
tDnr pounds per square loch. 

Very respectfully, 

HESHY BOHTON. 
ASA K. COLE, 



CHICAGO. TT.LS. 

Town of Lake Pumplw Station, March, 1839. 



REPOKT OF BEXZETTE WILLIAMS. C. K 



To the Uonorable Board of Trtuteet of the Toicn of Lake. JUinou: 

Okstlkmen— In cootormity to tLe dirtotionB conlalned in tlie leller o[ FebruujW, 

lbS9, from j-our presidenl, ihe Hon. Elmer Wtsliburu, in which I was informed ibil 

hnd bfen dulj appoinlcd to make a teat of llie Dew Hoi!)' pumping eDgiDes kl fon 

water works, I Luve tbe hooor to report ae follows : 

Though It was the expressed desire of vour Board thai tbe teat should bu uude < 

iLe f irliest prautienbln day, 1 waa not. abl« to begin li uniil March 8lL. owing » ite 
contractoia not being ready. 

Tbe contract with tbe Holly Man u fact u ring Company provides for the conatrB«ii« 
of one pair of Oaskill horizontal, compound, condensing craiiit and fly wheel pUBplH 
engines of 12,000,000 gallons daily capncily, and four tubular boilers. 

Tbe |>air of enginea aa huilt is of the staodard Oaskill type, coosiating of 
indepeodent compound eogines coupled to a common Mbaft, with cranks at right ing^. 
said xbaft carrying one fty-wbeel aevenlef n feet in diameter aod 40,000 pounds weigllt 
Tbe cylinders are a team -jacketed od heads end sides, the high -pressure cylindeno' 
each engine lieiu^ parallel with and dlreciiy above the corresponding low-prenu'* 
cylinder. The piston-rods being cnnnecied by short links to the opposite ends of 
vertical walkingbeam. gives the hlgb and low-pressure pisions a travel in oppMil" 
directions. 

The pump-plungers are double-acting and 
cylinders. 

Tlie bigh'pressure inducllon valves are dout 
by a drop cut-off as to be practically free from ' 

The high -pressure eduction serve as Ibe low-piessure induction-valves. Thrj 
gridiron slides worked by ecceutrics from a boriiontal shaft. Tbe low-pressure fJ"- 
tion-valves are of the same kind and are operated by the aaine eccentric shafts. 

The pump-valves are what are known as the " Troy Valve." They are robbar- 
and close quickly of their own weight and tbe pressure of the water. Being smal 
numerous, and opening but slightly, they allow but lillle loss of action. 

The engines are provided with fonr vertical single acting airpumps uiit"f 
vertical single-acting boiler feed-pumps operated from a horlionla] rocking-shtft. 



are in line with the loW'preMure siruo 
C'beat poppets. an adjusted aadopeiited 
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The exhaust steam is condensed witli a jet condenser supplied with water through 
Ao independent suction-pipe connected with the pump-well. 
Each pump is supplied by a 24inch suction-pipe, which merges into a 30-inch pipe, 

common to both pumps, which connects with the pump- well at a distance of 33 feet 

liorizoDtal and 15 feet vertical from the pumps. 

The discharge main from each pump is 24 inches in diameter, and the two connect 

bj a Y with a 30-inch main, which connects directly with the 24inch force main and 

indirectly also with the Id inch force main leading to the town, a distance of over three 

miles. 

The main dimensions of the engine, as given by the specifications, are as follows : 

Diameter high-pressure steam cylinders ... 27 inches. 

Diameter low-pressure steam cylinders 54 inches. 

Diameter pump-plungers 31 inches. 

Stroke of steam-pistons and pump- plunger 40 inches. 

Diameter of high-pressure piston-rods (one for each piston) 3^2 inches. 

Diameter of low-pressure piston-rods (two for each piston) 4}^ inches. 

Diameter of pump piston-rods 5 inches. 

The boilers are of the horizontal return tubular type, with full, cast iron fronts, 

made of Otis steel. They are briclc set. The gases traverse a flue along the top of 

tlie boilers in reaching the chimney. They are fitted with one of I^cke Bro.'s damper 

regulators. 

Their dimensions are as follows : 

Diameter of shell 6(5 inches. 

Length of shell 18 feet. 

Number of tubes GO 

Diameter of tubes 4 inches. 

Diameter of steam dome 33 inches. 

Height of steam dome 44 inches.' 

Water heating surface each l>oiler 1 ,440 square feet. 

Length of grates (measured) 5 feet 10 inches. 

Width of grates (measured) 5 feet 6 inches. 

Area of grates each boiler 32 square feet. 

Katio of grate to heating surface 45 

Length of flue from boilers to chimney 60 feet. 

Area of flue from boilers to chimney 15 square feet. 

Height of chimney 80 feet. 

Area of chimney 20 square feet. 

CAPACITY AND DUTY REQUIREMENTS. 

By the terms of the contract the pumps are guaranteed to be capable of lifting 
12,000,000 U. 8. g^ons of water in twenty-four hours against a head of 140 feet for 
domestic service, and against a head of 230 feet for fire service, at a piston speed not to 
exceed 114 feet per minute, and to perform a test duty of 95,000,000, foot-pounds 
with eftch 100 pounds of coal consumed. An evaporation of ten pounds of water to 
one poand of coal being assumed. 

Steam pressare at boilers eighty pounds per square inch. The duty test to be made 
by three experts, at such reasonable time after starting the machinery on regular 
senrice as the contractors shall designate, and is to consist of a continuous run of 
twentj-fonr hours duration, and if the Board of Trustees shall so elect, after an 
interral of twenty-four hours, the engines are to be put upon another test of twenty- 



four lioarR, and Ibe lotali of Ibew two ruiiB of iweoty-toar hoari vach are lo brtlu 

measure of arriving al the duly g-naranlee by the 

The melliod of measariDg the water pumpt^d 
wise, as deiermined by the eiperls. 

By agreement it was decided to leavH ibe teat lo be conducted by one i»«tead of Uine 

No evaporative test is required for the boilers, but by the terma of the contracl Ihne 

of the tour bollera are to be capable of genvratiug Bufficieot ateani noder eighty poiudi 
pressare to the square itidi lo supply both engiucB while doiug the maiimum wotk 
apeeitied. 

It is further slipulaled that as a whole the eogiaes and boilers are to be the bcamf 
their kiod as lo material, workmanship, slrengib of parls and finisli, aod shall in ill 
ratpects equal the pumping engine recently furniabed Ibe village of Hyde Park by lbs 



tOSDITIONS OP TEST- 



tnty-tour hours each should In 



It was decided before beginning that two le 
made In accordance with the terma of the conti 

The first lest was begun at II *. u. March eib and ended at 11 a. m. March Tth.ud 
the second test at 10.30 a. m. the 8th and ended at 1.30 A. M. the 9th Inat. 

Previous to ibis all oeccssary arrangemenis had been made to lake the heightal 
water in the pump-well, gauges bad been tested, scales for weighing coal and [Md 
water tested and sealed, and preparations mode lo take indicator cards from tli« tmi 
steam and two water cylinders at lotervals of one hour, 

<)□ beginning each test the water was gauged in the boilers and the fir^ inipMlFd, 
w hid) at the close were brought as nearly as possible to Ibe same condition. Whw 
unsuccessful in this the proper allowances have been made. "V 



FEED WATER, ^H 

The apparatus provided for weighing the feed water consisted of a large cask rtl&Bt 
on scales placed on an elevated platform, where tbe weighing was done, from <rbcn» 
the water was discharged into a lower tank with which the suction pipe of tlu (ti* 
puuipa was connected. 

It was arranged for the feed water to be taken direct fiom the force tuain, and foe 
the water of condensation to be wasted. 

After starting the drst test, March Qth, It was found that ibe jacket water waliM 
being wasted but was being trapped into the suction pipe of tbe teed pump wilboat 
being accounted tor. On objectiou being made to this arranjiement, the conlracioff 
claimed that tbey are entitled to this advantage under Ibe contract, and that in aoae 
other cases it has beeu allowed them. 

It was concluded to continue tbe lest as begun, aud on tbe si-coud test to provide lor 
weighing the jacket water separately. As ibe amount of water coodenaed would Iw 
eoDRtant daring equal periods of lime, tbe jacket coudensatlon in the second Msi taM 
been added to Ibe water weighed out during ibe KrHt lest in order to get the WUl 

Tbe temperature of the teed water weighed was taken, but as the jacket wiUI 
passed through a feed-water heater before being weighed there was no provisioo ttti 
determialog tbe temperature of the teed water as It entered the bailer, except tv 
Msnmlng tbe Jacket water to have the temperature due to Sfty pounds presanre, ud 




ATeiaging; it with the temperfttnre of tke neter from the malnB, wbicli han beeo done 
2S0 poaode ban been added to the feed water of the necond tcM to compensate for the 
ineqaallty of water Id the boilers at the beginning and end of tbe test. 



n, it was ImposBibie to 
ce lias lience had to be 

most ]>robal)le tesulta. 

slioned a loaa of action 



CAPACITY. 

As ifae town bad to be nupplied wl(b water during tbe li 
applj weir measurement to dtflcrmine tile water pumped ; relia 
I placed apoD the pump displacemenl. modified to produce thi 
The test of the Chicago pumpa of the same capaclly and desigi 
ivrrag-lng ■bout three per cent. Ah the Chicago puuipa worked during their test under 
(boat the rame condition!! of head, and as tlie loss of action waa aacertained by careful 
weir mpasuremenC, It is ant likely that the Town of Lake pnmpa will do better than 
Ihey. I therefore consider It to be fair to the contractors to make a deduction of three 
per cent, for capacity and duly in this Inatance. 

Previous lo the trial, the pump plungers were measured by tbe town engineer, Mr. 
Annable, and found lo be l1ilrly-oni< inches In diameter. During the trial I measured 
the actual stroke of the pumpa and found it to be 3d% Inches. These dlmeualons have 
hence been used in the calculations. 

HEAD. 

For both tests the gauges were □uiformly read at equal periods of fifteen mlnntes, 

ncept that the water- pressure gauge wkb, for greater accuracy, read every five minnles 
during moat of the second test. The greatt^r duty shown In the table for the first teat, 
is attributed to the inaccuracy of the gauge readings, owing to ihelr iufrequency end 
tbe irregular action of the engines, and is probably an error 10 the extenl of tUo 
difference shown. 

On tbe second test two gauges were placed on the gauge [)i[>e and readings of botb 
taken. The extra gauge had previously been lealed and adjusted at the shops of J. P- 
Harab, and before either (eat waa begun, hoib the eitra and the regular gauges were 
compared wilh a test gauge sent by Mr. Mar&b to the works for that purpose. This 
comparison showed tbe eitra gauge to register one pouud and the regular gauge two 
and one-half pounds short of the test gauge, a difference of one and one-half pounds. 
Tbe readings during Ihe second teat, however, when the gauges were under the Indu- 
ence of exactly the same condilions, after being correclrd for diflerenca in height, show 
a variation of only three-tenths of a pound, the extra gauge registering that much more 
than the regular gauge. The tendency of a gauge kept under pressure is to increase 
lla mdings. so that the relative change in the gauges can only bo attributed to this 
eanse. As the extra gauge had been carefully tested at tbe shop, and, as before said, 
the tendency of a gauge in tn increase its reading, I have adopted the extra gauge as tbe 
ttandard and bave In both tests added three-tenths of one pouud to the mean reading of 
ihe regular gauge {or tbe preHsure. To (he head due to this pressure has been added 
the height from the surface of the water iu the pump-welt to the gauge. Reading of 
tbe well-gaage were made every Hfteen minutes. 

In order to maintain a constant head and uniform speed of pumpa, a part of tbe water 
pumped was allowed !o escape through a biow-off back into tbe well. 

INDICATOR CARDS. 



Six indicators, one for each cylinder, t 
twentf-five seta in all for each test. Tbe 




'e used, and cards taken every hour, makiog 
rerage pressures have been carefully ascer- 
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tained from these cards by means of a plaoimeter, and the work done in the cjlinden 
computed and a comparison made with the effective work, the results of which are 
given in Table No. 2. 

The volume swept through by the piston during admission of the steam has also 
been ascertained from the cards, and the estimated weight of dry saturated steam com 
puted, and compared with the steam actually supplied as shown by the feed wattr. 
These results are shown in Table No. S. 

On accompanying sheets are given exact copies of one set of indicator cards 'which 
are fair types of all. 

BOILER RECORDS. 

Youghioghaney^bituminoas — coal was used during the test, that for the first com- 
ing from the Shoner mine and that for the second from the Nottingham mine. The 
difference in the evaporative power of the two coals as shown in the table, eight and 
seven-tenths pounds for the latter, and ninth and eight- tenths for the former, is venr 
marked, and is only ascribable to a difference in the quality of the coals. 

The coal from the Shoner mine burned without clinkering to a fine white ash. The 
Nottingham coal, on the other hand, clinkered very badly, and in so doing no doubt 
prevented a sufficient supply of air passing through the bed on the grates, prodaciog 
incomplete combustion. 

It is to be regretted that no observations as to priming were made, even though soch 
observations are not essential to determine the fulfillment of the contract stipulations. 

The boilers were fed during the whole of each trial with one feed pump. 
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Indicator Cards, March 8th, 7.80 P. M. 



EAST ENGINE. 



HIGH 




LOW 
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HIGH 




liOW 




■toww or ijlkk 
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TABLE So. 1. 



I AVBHAdB list 



8 Taken Modipibi 



T..ib1 rpvoliUiouB 

HerolulioDS per miaute 

Pistou Rpocd in ft. per minute (actual) 

PIsioD Epeed for 13.000.000 gal. per dajr. (al- 

loiriog 8 per cent, slip) 

EHaplacecDeat gal. per ravotutioa 

Lobs of action or slip (BSBamed) 

Water pumped, jral, per revolution 

Water pumped, U. S. gal. in 34 lira, (aliowiug 

8 per cent, for slip) 

Uean corrected pressure b( gauge, poundB, 
Mean corrected presBure at gauge, ft, of wa 
Ueaa belght from water in pump-well 

gauge, feet 

Mean total bead againet pumpa. feet of wai 
feed water taheo from mains (pfandB) . , . , 

Feed water from jackets 

Teed water, total amount u»ed 

7eed water, mean temperaiura(obBi*rved from 
linsSl''. calculated from jackete"" """ 

Coal consumed, pounds 

Kon-combuBtible. pounds ! 

Combustibles, pouuds 

Duty foot-lba. per 100 ibn. of coal, 10 lbs. of 

water evaporated being lakeu hb tlie equiv- 

atentof I lb, of coal as per terms of contract 

Dntjr foot-lba. per lb. of coal (actnal). 

Duty foot-lbs. per lb. of combustible (actual). 

Evaporation lbs. of water per lb. of cnal 

Equivtient evaporation from and at 212° .... 
Coal caaBumed per sq. ft. grate surface per br. 

Uean steam pre.sauro at Irailers 

Uean steam pressure at engines 

Uean aleam pressure in jackets, approi 

Uean vacuum gauge, incbea mercury 

rempcnture of engine-room,...' 

'Temperature of external air 



H HoDr* Trial. 



24,3fll 
10.04 
113,23 



12.233.7&4 

52. S 
iSi.DU 

18.73 
141.(18 



109,054,000 1 

88,400,000 
94,.'5O0.00O 



24,706 
IT. 16 
118.68 



12.391.788 

54,110 
128. f*4 



49,007 
17.05 

na.M 



13,318,761 

5S.85 
134.87 

10.80 
144.17 
S44.flIKI 
27.8II6 
871,996 



108.000,000 

81.500.000 

se ,200,000 
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TABLE No. 2. 

Showing the Mean Results ok the Operation of the Engines During the 
Tests, as Derived from Indicator Cards Taken Every Hour, and a Com- 
parison OF THE Indicated Work with the Net Work. 



Initial cylinder east engine, mean pressure of both ends 
Initial cylinder west engine, mean pressure of both ends 
Expansion cylinder eat>t engine, mean pressure both 

ends 

Expansion cylinder west engine, mean pressure both 

ends 

Water cylinder eabt engine, mean pressure both ends. . 
Water cylinder west engine, mean pressure both ends. . . 

Initial cylinders, total horse- power 

Expansion cylinders, total horse-power 

Total indicated hor&e-power of steam cylinders 

Total indicated horse-power of water cylinders 

Mean effective horse-power 

Indicated H. P. of water cylinder per cent, of indicated 

H. P. steam cylinder 

Efficiency, effective H. P. per cent, of indicated H. P. . 
Coal used per hour per ind. H. P. (contract basis) lbs.. 

Coal used per hour per indicated H. P (actual) 

Steam used per hour per indicated H. P. , lbs 



First Teat 


Second Test 


, Average for 


24 hoore. 


24 hoars. 


Two Tests. 


42.5 


45.5 


44.0 


44.0 


46.4 


45.2 


9.7 


9.5 


9.6 


9.5 


10.8 


10.25 


60.1 


62.8 


61.2 


57.8 


60.7 


59.25 


166.7 


179.6 


173.15 


147.7 


156.7 


152.2 


814.4 


836.8 


325.4 


297.0 


313.0 


305.0 


810.5 


819.8 


315.1 


94.5 


93.1 


94.0 


98.7 


94.8 


96.9 


1.76 


1.73 


1.74 


2.21 


2.43 


2.32 


17.5 


17.8 


17.4 



TABLE Xo. 3. 

Showing the Mean Distance in Inches op the Point of Cutoff Measured 
FROM the End of the Initial Cylinders of Both Engines as Obtained 
FROM Indicator Cards, the Total Pounds and Volume of Steam as De- 
rived from tub Admission Volume, and a Comparison of the Same with 
THE Feed Water Used. 



Mean point of cut- off, measuring from end of cylinder, 
inches 

Clearance, inches 

Mean equivalent length of admission, inches 

Total volume swept through by pistons during admis- 
sion, cubic feet 

Equivalent pounds of dry saturated steam 

Actual lbs. of steam as represented by the feed water. . 

Per cent, of steam condensed during admission as shown 



First Test. 



10.87 

1.50 

11.67 

880.443 
81,993 
118.542 
80.8 



Second 
Test. 



11.32 

1.50 

12.92 

416.820 
90.113 

126,148 
28.6 



Both Tests 



10.85 

1.5P 

12.85 

796.768 
172.105 
244.600 
29.7 
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DISCUSSION OF RESULTS.— WORK. 

The «ff«etiva baree-^iuiver eLowii ia Tuble No. 3 is greater tliao the iDdlcated liurse- 
uwer of llie iTBter cylindiTS. Tliis Ib. of course, erroneoad. The iadicBtpJ Loree- 
power of llie pumps should be greater than tlie eRective horsepower b; one or t«o jier 

I., which wproBeDtH [lie loss liy the pasaage of the trater through the suction pipes, 
pampa ani) tbIvos to lb« point iu thi; forcu main where tlie gauge pipe 1b attached. 
This iliaerepaDc; arises mnlnly, no doubt, from tlie inaccuracy of the indicator diagianis, 
uustd by (luctuatliin of pressure, error in indicators, and the neceiaary iDeiocinvsa la 
ualciDg up Ibe average pressure from the cards ntiick was done with a planimeler. It 
is also jtaltly due lo errors of pressure gsugi^s and gauge readings, which in the case of 
tlie firat teat has a possible error of two per cent. Still another «ourc« of error ia in- 
equality of speed, and the impossibility of the mean observstious being exact, owing to ] 
tbelr tntrequency. 

The Indicated liorse-power of the water cylinders averages sii per cent, teas than 
■he tndlcatod borse-power of the steam cylinders. Tbls Is as it should be, and as the 

le causea ot inaccuracy would operate in measuring the work in both the i 
water cylinders, the comparative results are doubtless aliout correct ; hence six per 
cent, of the Indicated power is shown to be used io overcoming the friction of the mov. 
iag parts of the machine. 

The effective horse-power at compared with the indicated horse-power of the eieam 
rjtinders is also loo great, owing to the same causes which have produi;ed the dlscrep- 
iDcy l*tween the effective liorse-power and the indicated liorBe-power of tlie puuips. 

Aa a whole, the reeulta obtained of tbe indicated work verify the effective work aa 
aMertalntKl from the observations, showing coocluiivel? that aay errors that exist are 

imtll. 

The cards from the steam cylinders indicate perfect working valves and an excel- 
leDt distribution of the ateam. 

The clearance for the high pressure cylinders In terms of cylinder volume had pre- 
Tionsly been calculated nt 3/^^ per cent, Tliis gives 1^ inches in actual length of 
cflinder. 

DUTY. 

The eauaes operating lo produce inaccuracy In the effective work, as above noted, 
■111 also affect the duty, but whether an elimination of these inaccuracies would in- 
crease or decrease the d.ily it is impossible to suy. There is an uodBl«rroioed element, 
however, which would iillect the duty, and not the elTective work. Whatever amount 
of priming may have occurred during the teat would reduce the duty by increasing the 
1 water supplied. As no testa were made for entrained water the amount of this 
d»reaae cannot be known. 

Aa the engines show an average of 108,800,000 foot-pounds per 100 pounds of 
1 a« against QS.OOO.OOO called for bj the contract, the matter of slight ii 
i Is unlmpoitaat as far as they affect the acceptance of the machinery. 



fAPAflTT. 



The pamps were guaranteed by the 
haan nnder a head o( HO feet, Thc^ 
qOMiUty under fully IAj-iy f-. 

So tost of the pumps -- ■ 
!»*■ been Impracticable ii< 



s to pump 12,000,000 gallon 
I about (uM per cent, more th 



pressure of 250 feet head. It would 
r the conditions of working without 
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aUrtlng more pumps, and m tlipse pnmpH worked bo amootLI; and DoUeleBsl; ii 
not eortBidered necsBMrj lo applj this leet. 

INITIAL CON DEN'S ATIOK. 

Tkble No. 3 bIiowb lh>t tLere nas apparenllv about 39,7 p»r cent, of the ateam 
deosed during admUsion to the high pr«ssur» cjlioder Do doubt a amall per MOt. of 
this apparent condeDBaticiD conslnted ot entrained water, bat making allowance for thia 
there would still be some 3" per cent, of tlia ateara condensed on admiBaioD. TiiU 
fteema ver^ bigh, but wbea we reSect that tlie jacket was 9G degrees leasia lemperaturr 
than the initial eteam, and that the interior-oi the c^llnderB are cooled ton teroperatnre 
due to about eight pounda pressure or S3 degrees less than the ioilial temperature, H 
the end o( each stroke, we are not surprised. 

Tbe meao quinlit/ of Eteam and entrained water admitted per stroke was IJ^ 
pounds or 27,7 cubic inches of water. 0( this about 27 per cent, or 7)^ cubic inchei 
was condensed duriug admission. 

Tbe total mean ares of tbe walls of tbe portion at the cjllnders filled b; initial 
Hleam at each stroke was about 2.300 square Inches. A film of water coreriug tbii 
whole area, about g^ of an inch in thickness, would equal 7.S cubic iDches. T~ 
seen bow readily 27 per cent, of tbe steam ma; be condensed daring admission. 



1 



BOILERS. 



I 

I 



There being no evaporative t»^t of tbe boilers required, no effort was made to secoral 
a high record. 

The evaporative performance shown should be equaled in ordinary daily working. 
The two west boilers of the four fumlabed by the contractors were used during the 
trial, and tbe results show them lo be ample for the required work. So tar as I w*i 
able to judge, the boilers have been vfell constructed and fill tbe contract in ever; 
respect. 

In conclusion, I wish lo say that the machinery as a whole 1 consider in every way 
up to, and in some way above, the contract requirements. The results of tbe test are -9^ 

entirely satisfactory to all concerned. The town and the manufacturers are to \je cod 

gratulaied u|Kin tbe outcome as a, whole. 

I desire to express thanks lo the contractors and the towu officials for their kipi^^S 

Bespeclfully submitted, 

BENZETTE WILLIAMS. 




BUFFALO, N. Y 



May, 1889. 



REPORT OF 



LOUIS H. KNAPP, Engineer and Superintendent Buffal6 City 
Water Works, and FRANK W. HOLLY, Engineer and Super- 
intendent Holly Manufacturing' Company. 



Buffalo. N. T.. May 25tb and 96tli. 1889 

The machinery tested consisted of one Gaskill horizontal, compound pumping engine 
of twenty million gallons guaranteed capacity per twenty-four hours, and four horizon 
tal return flue boilers, five and one-half feet diameter by eighteen feet long, manufac- 
tared by the floily Manufacturing Company of Lockport, N. Y. 

The following are the principal dimensions of the engine : 

Diameter of high-pressure cylinders 86 inches. 

Diameter of low-pressure cylinders 72 inches 

Diameter of high-pressure piston rods 5 inches. 

Diameter of low-pressure piston rods 5^ inches. 

Stroke of each piston 48 inches 

Clearance in terms of cylinder, volumes H. P. cylinder 3 per cent 

Clearance in terms of cylinder, volumes L. P. cylinder 2 5 per cent. 

Diameter of pump plungers 3d inches. 

Stroke of plungers 48 inches. 

Diameter of plunger rods ' 6 inches. 

DIMENSIONS OF BOILERS. 

Diameter of shell 66 inches. 

Length of shell 18 feet. 

Number of tubes 80 

Diameter of tubes 8J< inches 

Length of tubes 18 feet. 

Grate sari^ica, square feet 84 



Heatiag surf&ce In boiler. Bquare feet IS03 

Ratio of lieKtiug surface to grate surface 44.18 

ChlmDey (8' X 8' square) square feet 64 

Chimney. lieigLt , 135 

Tlie duty trial i^ommeticud at S.30 p. ti., May 25tli, and ended at S.30 a. h.. May Sfltb, 
1880. 

Tlie ciDtract requires that the engine and bollera as a plant complete shall der^lop 
a duly of one hundred and five million foot-pounds for e*ery one hundred pounds of 
coal consumed uuder the boilers, and shall be computed by the foltoning formula ; 

„ 200xA>rPxNxS. ,., 

U = — in which 

D = Duty in tuot-pounda per one iiundred pounds of coal. 

A = Aggregate mean area of pump pluagera. 

P = Pressure per aquare inch of pump plungers. 

N = Number of revolutious or double strokes of engine, 

S = Stroke of both pump plungers, 

C = Pounds of coal consumed under the Ifoilerx. 
Baring the trial for duty, at intervals of lifteen minutei, readiugs were t«keo in the 
engine room of the revolulloo counter, steam and water -pressure gauges, vacaani 
gauge, suction-well gauge, temperature of nir pump discharge or feed vrater In hol-well 
before passing through heater, and temperature of feed water after passing Ihrousli 
heater and before entering boilers, and in the boiler room of the steam pressure giugix, 
and height of water in boilers. An accurate account of the amount of coal burned un- 
der the boilers was also kept, il being weighed in iron wheelbarrows on newinlti 
tested just before the beginning of the (rial. 

The diameter of plungers m'm measured and fouDtl to be W iccordlng to ibi coo- 
tract. The length of stroke was also determined by nieasurements to be 4B incb«. 
The coal used was a excellent quality anthracite, known as the " Henry Migp" 

As a result of the ohiervations recorded in the engine and boiler rooms, the folloW' 
Ing averages were obtained : 

Average water preasure l>y gauge 80.26G pooBlU' 

Average heigiit of tenter of water- pressure gauge above water in suc- 
tion well 2S.60Sfeel, 

Average steam pressure on gauge at engine 60.:^ ponnda 

Prom which should be deducted the pressure doe to the height of 

water column on the gauge ■, 2. poniidi. 

Leaving an average of 78,806 pouirfi 

as the average steam pressure at the engine. 

Average vacuum 28.5 inches 

Average temperature of teed water. 118,51" ^"^^h 

Average temperature of air pump discharge, from which feed water t« ^^^| 

boilers was drawn 108,85° i^^^H 

Average Increase in temperature of feed water by the addition of jacket ^^^| 

water fl.eO" F. 

Average eteam pressure at boilers 80,18 poundi. 

The average head pumped against by the engine during the trial for 
duly, was. by the terms of the contract, the total head pumped 

against plus one pound for friction in the suction S2.435 pnuoda 

Number of revolutions of the engine during the trial 11,365 

Stroke of pump plungers 4 feet 
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Tluni. A = S007.482. P = OS. 485. N = ll.SeS, S = 4. C = 18,800 pounds of coal burned 
duiogtbe trUI. 

(bOC pounds per 100 pounds of cobI coiiHumed under the boilers ; no Kllovrance beln|c 
aiile (or laliea or anj otber purposes ; the engine pumping' ils own feed wnler hy 
oii-ana of feed pumps attached dirertly lo tlie engine ; no estra boLlHrE being Gred for 
tlila purpose. All fuel aoDsauied during tb(- trial was clmrged sgaioBt the engiut^. 

Froin time lo time, during tliu trial tar dulj. indicator cards were taken from tbo 
US rjlinders and pumps. These cards were carefully calculated 'and the following 
fMUllB deducted Iherefroiu : 

Arerag* water pressure as shown by pump indicator cards = 94.778 pounds per 
HjUira inch, or 2,333 pounds more tlian the bead as calculated bj the lemis of the 

Work ID pump cjlinders was 8.53« In eioeas of worli allowed bj terms of coolract. 

Datf trata pump cards = 185,248,075.63 foot-pounds. 

The Indicated work in the steam cylinders shows an excess of 7,Sil{ over the indi- 
»I«d work Id the pump cylindBra, indicating that 93.1GS of the work perfortned by the 
ileaui cylinders was transmitted to llie pumps, and that 6.84S was used in driving air 
led fwd pumps, overcoming friction and other losses in the engine. 

Duty of engine calculated from eteani iudi»tor cards = 134,304,047.65 foot 
pounda per 100 pounds of coal. 

Wioned boriMi- power of engine during duty trial 7B0 H. P. 

Is of coal consumed per hour during duty trial 1,100. 

Paniids of coal consumed per hour per indicated horse- power 1,474. 

The Bring ol ibe boilera was performed by the regular firemen, employed by the 
Illy who bappened to be on duty during the test ; a change lo firemen occurring ut U 
t'eloeh p. M, May S5th. so thai two different firemen were supplying coal to the fur- 
toe during 'he lest. Shortly after 11 o'cbick. or on the arrival of the second fireman, 
IS Brea were cleaned, and !i3i pounds of aslies weighed, as the result of the cleuning. 
it ibis time 6,400 pounds of ccwl bsd been fed into the furnaces, whicb would Indicate 

>l about S.3tS of the coal was ashes and other non-combustible substances. 
Ihity per 100 pounds of combustible, bead on pumps 

calealaied by contract requirements 133,879.349.89 foot-pounds. 

Indicated duty of engine (from steam cylinder cards) 

per 100 pounds of combustible 146,524,162.83 foot-pounds. 

Duty developed by pumping plant on lest as (-.alcu- 

lated by contract requirements 122J365. 512.2 foot-pounds 

hty giuiranteed by contract 105.000.000 foot-pounds 

• over contract 17,250,812,2 foot-pounds. 

r 16.43 pev cent, higher duty than guaranteed by the Holly Manufacturing 
Ismpany. 

Dtreotly after tbe terminatioQ of the duty trial the test [or i:n]>Bclt7 was begun, end- 
\g ti T.80 A. H., May S4tb. 
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The contract fonnnlft for upadty is u foUona 
Q = U5.133 X A X N X S. 
A =Sum of effective Rrea of both plungers. 
N = Mean number of revoIulioDS per minnte. 
8 = Stroke of pampB Id feet. 
In the foregoing formalK three per cent, is allowed for the possible imperieet fiUhv 
of the pumpa. 

Beadinga were taken every Qftceo minutes Kud tlie folloning averages obtsinsd Un 
ihe time beglnoing at 6 o'clock a. m., and ending at 7.30 a. ii. . May 20th. 1889. 
Average head pumped against, calculated by contract requirements, pouods. . . Ki 

Average revolutiona per minute 18.1 

Q = 145.123 X 3007.483 X 18-1 X * = 8 1. 092 J2 77. 723 H. 8. gaUona per 24 houji, 

Figured from pump plunger displacement the capacity would be 21,744.flI6.M 
IT, S. gallons per 24 hours. 

Indicated horse-power of the engine during the capacity teat = 918JS. 
At the end of the duty trial the fires under the hoilera were viewed, and tonlKllA 
be In as good condition as at the commencement of the test. 

At the end of the capacity test all of the bearings were eramined and toond H 
be running perfectly cool with no eigne of heating, 

LOUIS H. KNAPP, 

Buperinteadent aod Engineer Buffalo Water Worlu. 

FRANK W, HOLLY. 
Engineer aud tJuperintendent Holly Manu fact u ring Oh 
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REPORT OF CHARLES A. BAUER, C. E. 



(The (ollowing repott is of Ihe test of the Gaakill HorlzoDtai.Compoaad, Condensing 
CiMk ud Fly-wlieel Pumping Engine at the Springfield, Ohio, Water Works. The 
engiue ii of the following dimenainna : 

TwoH. P. «te«ra cylinders 24 inches diameter. 

Two L. P. Bleain cylinders 49 IcehsB diuneter. 

T«opmup-plungpr>i(donble-ttcting) 19^ inches diameter. 

Two pump-plunger rod* (aingle) 4 Inches diameier. 

AilttrokflB 36 inches.] 

Ttr tlu Board of TnuUet Springfitid Water Workt. 8pringfie(d. Ohio : 

Qxart-KHKH — I herewith fabmit to jou the resntla obUuned Trom data taken at the 

ittj teat of yonr Dew OaHkill Pamping Engine, 

The trial eommenwd on August 3Dth, &t 10.4S k. U., and continned tor twenty-four 

Iioars. ending Angast Slat, at 10.45 A. u. 

AVERAOEa OF OBSEKVED DATA. 

jlTerage ateam presaare TS.86 pounds. 

Arerage Tacaum 27.1 inchea. 

ATiragB water preaauro by gango 101.07 ponnda. 

ATsrage water preasnie by gauge 235.02 feet. 

J rerage height of water in well below gauge 27.48 feel. 

Tutal bead pumped against :10S.5 feet. 

Capacity of pampa per revaluliOD I83.3S gallona. 

Toul rerolntioni in 24 hours 28003- 

Arerage piston speed par minute 116.88 f^^t. 

Total water pumped G,103.&47^&Uona. 

Total waMr pumped 43,530,558 pounds. 

BTalal water fed In boilers 08,453 pounds. 

The requireil duly when pumping at a capacity of B.OOO.OOO g&Uoiu as per con. 
■ 110,000,000 foot-potmds, with a consumption of 100 pounds of c«al, on the 
f ten pounds of waitr evaporated per pound of coal. 
From the above data wv have the duty thus: 

113.385.447. IMP x "™ "'^^ " "^ " '^'°-° 

In the above calculations no Hliai(uuaJ|yH|^^^^^gM« jb tiw aactlcm main. 
* omliiad, a« li was nut proTl& 
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There was no aocoant taken of the amount of coal used, nor the temperature of feed- 
water, as the stipulated dutjr was based on 75 pounds steam pressure, and temperature 
of feed on a basis of evaporation as stated before. 

For the dimensions of engine and pumps, would refer jrou to the specifications. 
[These dimensions are given above.] 

It will be observed, in both dutjr and capacity performance, that the engines have 
fulfilled the oontractor*s guarantee. 

Respectfully submitted, 

CHARLES A. BAUER. 
September 4, 1889. 

I hereby certify that the above is & true copy. 

William R. Smith, Secretary. 

State of Ohio, Clark County, ss. 

William R. Smith of Springfield, Clark County, Ohio, being first duly sworn, says 
he is Secretary of the Board of Trustees of the Springfield Water Works of Spring- 
field, Clark County, Ohio, and that the above is a true copy of the report of Charles A. 
Bauer to said trustees, submitted by him to them on September 4, 1889. 

WILLIAM R. SMITH. 

Sworn to before me by William R. Smith, and subscribed by him in my presence, 

this September 6, 1889, as witness my hand and official seal on day and year above 

written. 

A. P. LINN COCHRAN, 

[Notary's Seal.] Notary Public, Clark County, Ohia 
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PKOF. DAVID M. GKEZXIL I .--.: - 
Institute, ox TiiE M :" -_~i 



Samuel F. Corey, Clerk Board :f "^c;-- ' • -n.^ 

Deaii Siu — A twentv-four Lo-r '.it- ■ :.- if— • »•• «» -j- .-^ 

eluded at 12 noon yesterdaj. 

I deemed it but just to the ccL:n.r."r* :^ L ■ "•*' ' >»^ ». ,. 

port, N. Y., and to your Water xt'jtri it §ar -.—- --.::=: ^^^^ _^ -5^ ^ 
handsomely perfonned all thai wk» I'ryi:.!^^. . ' . . ^ ^,. ^ 

of the engine is very considerablT .l •c-j-s -r- .;• — - 

of the engine, based even upoL :ij*^ ur..- :<». -v/a^svum — 
excess of the guaranty. 

The eogine is an excellent i i»-> 'r » .riiiiifciie. . & . — s^ 

Of course I cannot at iL*:* t:sj* itr^rL . z- imt • 
during the first eighteen hours of -.ii* i« ;*.- -.Mm-, mmfg^m 
b. 156, 736 gallons in twentv-f OUT L'j.ir " ^ .... ..-. 

tion was about 111,000,000 [correcvf. u::: .,."' - ^^^ 
assumed in the contract -10 i*. t Lj- „: ^ ^„^ ^m .m 
rajiahle of maintaining a Cr*- yv^mtMt- - .» ^.^ ^_ ^ 
conclusion, I beg to say : Lai .l r.- ••:',_.. ^ a*';/,*^-* 
ihe requirements of th'rir coir.?fc^- ir-, i.^ . ^ 
will submit a formal and cos:pK;- »-.*- ^-..^ 



#«* » 



/• • 
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I. 

L't't. 

o ftn't. 

tare f»^et. 



SARATOGA SPRINGS, N. Y. 

OtTTOEEJl, ISSi). 



REPORT OF PROF. DAVID M. GREENE. ^_ 

To tht Board of Watrr CommiiHonert of the Village of Saratoga Springi. N. T.: ^^ 

Obntlkmen— I beg to report upon tlie recnnt lest of the new O&skill Eoriion*-** 

Duplex Compound Pumping Engine, furnislied to your village by the Holly Mm- ■""" 

ficturiai; Company of Lockpurt, N, Y,, u foliowa : ^^^ 

DIMENSIONS OF ENGINE AND PUMPS. ^^| 

The principal dimensions of the engine and pumps ars as foUowa : • ^^^| 

Diametsr of high-preaaura cylindera 27 IncbM. 

Diameter of low-preaaure cyliodere 54 inchea. 

Diameter of pump pluogers S5 inches. 

Stroke of ateam pistons and pump plungers 40 inches. 

Diameter of high-presBare piston roila (ateel) 8.S inchea. 

Diameter of low.plston rods (2). {steel) 4.5 inchea. 

Diameter o( pump roda 5 inches. 

Diameter ol crank shaft (fagoted iron) 1^.5 inches. 

Diameter of hub of crank 32.S inches. 

Depth of crank 11 Inches. 

Diameter of crank pins (steel) 7.5 iDcli 

Length of crank pins (ateel) 9 

Length of beam between centers 88 

Length of upper beam pin 14 

IHameter of upper beam pin 

Length of lower beam pin 6 

IHuneter of lower beam pin S 

Diameter of fiv -wheel 16 

Depth of rim of fly-wheel 18 

Width of (ace of fly-wheel 14 

Weight of fly wheal, about 38,000 

The steam cylinders are jacketod, both on the sides and ends. The jaekeia are n 
plied with lire stoam from the Inllers. which, with the jacket condensation, pasaec M 
to the feed water heater, and there serves to heat the greater part of the teed walat, 
which Is taken from the main. The condensation in the jackets and heater is tnipped 
oS into the feed tank, whence the feed pumps, four in number, and alngle-adiiig, diav 
their sapply. 

The eiLhauHt steam from the low-pressure cylinders passes to a Bnllclay condenMr, 
from which the warm water is wasted. Thus all of the heal contained lu the hot-wtll. 
or ita equivalent, is lost. 



flASATOOA ffPRIWOfl, V. T. 



19» 



e epnee In kll of tUn cjliuderB ia smkll, and is uken at 2.7 per cent, and 
3 per cent, in (be btgli aod low-pressure cjlinders. respectlvelj. 

be st«>in valves al the high-pressiira cylinders are o( the double-b^at type, and 
at-nff, which is practically iDBlantaneoua, is varied bj ilie load on the pumjis by 
IB of tlie Boll? automatic re^latnr. 

be steam Is admitted to, and nxliausted from, Ibo low-pressurft cyllnderB through 
gridiron slide- Talvea, 

The pntnps, which are double-nctlng, are each fitted with 700 "Troy" valvei, each 
of sbont IJi Itwh diameter and ?g inch lilt. 

At each eod at eMeh pump, therefore, tliere are ITS indaction and IIH eduction 
alvee. giritig »n aggregate valve opening for the reception and discharge of the water 
•qual to more than 0.6 of ihe effective area o( the plunger. 

Tliis large valve area insnres the passage of the water to and from the pumps with 
the mloiinam of frictional resistance. The loss of head, due to the passage of the water 
through the paiups ought cot to be, and proltabiy Is not. greater than 0,25 of a fool. 

An importoDt advantage, resulting from the liberal valve opening, is the practi- 
cability of largely Increasing the supply of water by increasing the speed of the engine, 
Vllhont the development of material frictional resistance in the valve openings. 

BOILERS &KD CHIMNEY. 
■ furnished to this engine by two horizontal, cylindrical tubular l)oilers. of 

the folluwing dimenaiona ; 

Somber of boilers 2 

IMameter of sbell 

Lmglh o( ihell 

TUekneaB of shell 

Thick nne of lieada 

Doffl«». 3' 9" diameter by 8' 8' high. 

Knmber of tubes 

Diameter of tabes 

Lenirtli of tabes 

Widlti of fi re grate 

Length of lite grate 

Ar«a of lire grate teach boiler) 

Height of chimney, above grate 

nsof cliimney, flue 

Aa originally set, the products of combustion parsed from the furnaces Lack, under 

the boilers; forward, throogh the lubes, apd back, over the tops, to the chimney con- 

neeUotia at llie rear ends. This haa since been changed so that the products of com. 

bnstion now pass directly from the tubes to a Hue leading to the chimney, and thus do 
er the tops of the boilers. This change has not resulted In an increased 

t*M of evaporation ; on tlie contrary, the rate of evaporation seems to have been some- 
what dimlnisbed by the change. 

i foregoing dimensions, the following deductiona are made as to the pro- 
. portions : 

Tula! area of grate aurface (tif siiuare feet. 

'Tutal heatlnfi; eurfac* (about! S, 866.0 square feet. 

iTotkl are* of croaa-seotion of tubes 7.18 square feel. 

Tbtal arwt of chimney Hue 8.8lf sfiaarefoat. 



Inches. 



Inches. 



5. SO feet. 
33 square feet 



i equare feel. 



Height of chinmey aboT« gnte 98.5 (6«. 

Ralloof heating surface to grate surface 48.42 

Ratio of grate sarfftce to area iLrough tube* 9.19 

Ratio of grate surface to area of cblmney flue 7.B3 

Ratio of grate surface to area of Sue of an equivalent cbimnej 00 

feet high 6.3 

These proportioDB lodicate that, with the moderate rale of combastloo reqaitel lot 
the supply of ateam to your new engine, when ranning at Its normal, or at the conuui 
speed, there will be exceaslve draught; that the products of combustion must pmM 
the chimney at loo high a temperature ; or, that the dampers mnat be conatantt; ud 
oare fully regulated. 

THE TEST, 



rith the Holly Manufacturing Compauy. ■ 



The provisions of ji 
pacity and duty, were : 

1, That the capacity of the engine should be 8,000,000 U. S. gallotiB of W>ta. 
pumped against a pressure of 100 pounds per square inch, in 34 hours, at a piatoa ipM^ 
of, or not exceeding, HS feet per minute — equivalent to 17.25 revolutions peTlDLtinls. 

2, That, while la operation at the apecitied giieeil.and against the apeeified prw- 
Bure. the engine should develop a duty of 10S,000.000 fbot pounda per hnndnd 
pounds of coal consumed — the coal consumption to be baaed upon a hypothetical nn 
of evaporation of 10 pounds of water per pound of coal, 

3, That the engine and pnmps shall be capable of operating against a pressntaof 
140 pounds per square inch, with safotj to all its parts. 

The prelimioary arrangements for the test were made by Mr. D. A. Decrow, raptt- 
eenting the contractors, who also represented the contractors during the test. 

It was found to be Impmcticabla to ineigk the teed water which was supplied to lh> 
boilers. It might, possibly, have been passed through a meter, and thus measared; 
but it was thought best to attach the only available meter to the pipe which took cold 
water from the main. Thus only the cold feed water was meiiaured. The water. M- 
Bultlog from condensation in the jackets and healer, which was trapped off and joiatd 
the feed between the healer and the fee<l pumps, was not meafiured. It has beende- 
termined. however, with a fair degree of approximation, by estimating the condenHtioa 
in the jackets and in the heater. 

The coal, which bad been hand.picked, to clear it from slate, was served in alui|M 
of 900 pounds each. The coal car, which weighed 360 pounds, was run upon tbeaaM 
between charges to see that the scale beam remained properly balanced, and every dm- 
eesory precaution was taken to insure fair and just conclusions from the test. 

Indicator diagraras were taken every tialf hour from the high and low 
cylinders sod pump, of the left eogiue. from 13 M. to 6 P. a.: from tj P. M. 1 
from the right engine, and from 6 a. .m. to IS >f. of the Idth from the left engine. 

The following data were observed every 15 



PiBB Boon. 

1. Bteam pressure at the boUera. 

2. Temperature of the feed water. 
8. Temperature of the fire room. 

Times of coal service, and amount served, and the q 
'ere also noted in the fire room. 



Lutlty of feed water wMtad. 
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4. (tiDKm preraure at tlio eogitiu, 

5. Water prMBufe at tlie eoKine. 
t. V»euuin per engine gauge. 
T. [Usdlng of tli0 WHter meter. 

8. Reading of the engine eounier. 

9. Vaeanm per gauge OD coudt<naer. . 

In nt&king Iliese recordB we were assisted by bIi young gentlemen of the gradnatlng 
class of the Rensselaer Potyiocbnic Institute, wbo were divided into tnn watches of 
persona each, who were relieved every four hours. The dutj assigned to theae 
^DtlpmeD was faitbtullr and satis tHctorily petformed. 

At 13 o'cloek, noon, of the I5th, the machinery having been In operation several 
irs, proper normal conditions as to steaiu and water prensure, rerolutioDS of engine, 
condition and depth of fires and height of water In the boilers having been establiahed, 
) test was considered us begun. 

The hetgbt of the wster in the glasses was nmrked by cords tied to them, and the 
heiglils of these cords, Above the bottoms of the glasses, were measured, A charge of 
BOO pounds of eoal was served, and the fires were replenished. 

LS intended that the duration of the teal should be 21 hours, continuing until 
October ]6tli. Bui at about T.UO a. M.. of the lOtb. it was discovered that the 
beater bad burst, and that the slesm and hot water were escaping in consiilerBble quan- 
it|l«li. The rei^ord showed that in all probability the fracture started sometime between 
tix and seven a. X., and had been gradually ealargliig. This accident caused us to re- 
duce the dumtlon of the test to IS hours, and to regard it as having been ooncladed at 
alx A, u., Octolier 10th. 

The conclusioD of the test period at A. m., was permissible, as well as necessary — 
beoaase of the very aniform action of the machinery, and of the uniform rate of Mtl 
lonsumptlon, pvnporation and Jieight of water in the boilers. The twelfth charge of 
toal bad been expended, and the (ires were replenished from the thirleeath charge, at 
(he beginning of the nineteenth hour, or at 6 a. u. 

The engine was, nevertheless, kept In operation for the entire 34 hours, and the 
coDtiuaed until anon of Ibe Idth ; eicepling. only, the reudlngs of the 
1 only during the last hour. 

' was discovered, it. and the meter, was thrown out 
olT from the jackets, and the boilers were supplied 
Bt 51° Fahr, This condition of things was estab- 
llalied before 6 a. m,. and it was hoped that a run of four hours might be had, with the 
wiMsary data, which would show the economic value of the jackets and heater. At 
: A. U.. however, when the meter was finally put in operation, the water in the boilers 
as high — say °4 inch : while at 12 m., the water was down at its proper height. Thoa 
le evaporation became too nncertnin to justify an attempt at oxnct comparison. Noth- 
g wa« certain, except that there was a marked increase in the rate of coal cousump- 
an daring the last fgur hours of the run. 
In Table So. 1 will be found the complete record of the first 18 hours' run. eioepl as 
•o tbe eoal conmimplina. 

Table So. S contains the rrrord of cobI consumption, with deductions therefrom. 
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From lliesfl lablea, we extract the folloiring values : 

Mean Bteam presaure in boilers, per gauge 81.08 poundB 

Menu Hteam pressure at engine, per gauge 78.01 poandH 

Mean ateampreaBiireiii jactels, per gauge 70.075 poundB 

Mean water preasure. per gauge Od.SSS pnUDd.t 

Mean vacuum, per gauge on coodeuaer 28.9 iuches 

Meau vacuum, per gau|^ on engine 37,87 luclies 

Mean temperature of fiwd water, Fahr 308. .M" 

Mean temperature of fire room, Fahr .-. 63.57° 

Mean volume of water, at 51", passing tlie meter per hour. 88. OU cu. feet 

Mean revolutions of engine, per minute 17.04 

Mean period of consumption of 900 pounds coal . . 1 h. 30 m. 

Meau rale of coal consumption, per hour 000.00 poanilB 

Mean rate of coal consumption, per miu ate 10.00 pounds 

Mean rate of consumption, per hour, per square fool of grate B.091 ponada 

Id order, now, to determioe the proper Talues to be used in the estimate o[ the duly 
according to the terms of the contract, it ta necessary to modify, or correct, the follow- 
log values ; 

1. Tbe mean water pressure, as Indicated by the gauge. ^^^^H 

2. Tbe mean volume of water passing through the water meter. ^^^H 
1. JTte mean water pretturt. The gauge on the engine was live feet aboTfl^l^B 

pistons of the indicators on the pumps ; rejiresentiog 3.17 pounds. 

The indicator diagrams taken from the pumps show that there was a lift, to tbe 
level of the ladJcAtor, of two pounds per square inch. We thus have : 

Mean pressure, b; tbe gauge U9.S65 pounds 

Pressure, due to five feet between indicator and gauge 3.17 pounds 

Pressure below atmospbere on indicator 2 ponDds 

Total mean pressure on pumps. 103.735 pounds 

3. Volurnt of wattr pasting thmiigh meter, per minute. A careful test of ilie water 
meter, made by Mr. Dvcrow ou October 14tb. showed that its indications were 4.17 per 
cent, too great. The temperature of the metered water was 51° Fahr.; at which tem- 
perature the weight of a cubic foot of water is Q3,405 pounds. 

The water wasted, U tailing the temperature of th« feed, was 567. S*^ pounds is 10 
hours: or the waste was at the rate of 0.ri35 pounds per minate. ^^^h 

Then, the meter indication having been 88.014 cubic feet pet hour, we have, Isl^^^l 
weight of metered water per raintile : ^^^^M 

sa.oi4 ^^1 

63,405 X u-TxToiT: =^'-^'^ 

This repre^nts merely the water which passed tli^ meter ; to tt should be added 
the water of condensation which subsequenlly entered the feed from the fteam-Jacketa 
of the ryllndi-rs. It was not practicable to measure this last mentiuned water, but from 
the records of a teal of a similar engine, under like elrcumslancea In 1987, at Phlla. 
ilelphla, wherr the jacheVwater was measured, we flud that Ibis water amouuted to 
almost exactly 10 per cent, of tbt> metered water. 

We nee no raaBon why tlio relative amount of jackel-water should b» diifereiil In 
this case ; and, as the unonnt inoasured in Philadelphia is eutirety reasonabl*. ws 
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UBunie that at SarBtog». In our lest, the jacket-water waa equivalent to 10 per cent, of 
the metered water. We llius obtain. linaltj : 

W'eigliiof metered water, per mlnate 87.8T3 pounds. 

Add 10 per cent, for jacket- water 8-787 pOQnds. 

Ofl.OfM) ponnda. 

A«>duet waatfl in taking temperatare .525 pounds. 

Ueao rate of evaporation, per mlnats Sd.l35 pounds. 

It shoald be staled, in this connection, tliat the actual evaporation of the boilers was 
fester than is indicated above ; bui llie steam. resulliEg from thia eicess of evapors- 
tion. was condensed in tbe hi-aler in beating tbe feed-water : and the beat w]iji:b was 
brauglil from the boilers was returned to tbem In tlie feed-water. Tliua, lie perform' 
Uice of the eogioe and Imilers was tlia same as it would have been, bad tbere been no 
lleater, and had all of the steam been supplied to tbe cylinders and tbeir jackets — the 
jMckei-water being added to tbe metered water and, with it. coastituting the entire feed. 
In this latter case, the temperature of tbe feed would have been about TS^ or 76" 
instead of 203 5S°. This water would tbeo have received all of Its additional heat in 
Uic boilers instead of receiving part of it there and part of it in tbe healer at the 
Expense of the boiler. In either case, tbe coal coneumption would be tlie aanie. 

It maj well be uked : What useful purpose is servi-d by the heater. In this case? 
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For this purpose it will be convenient to construct a simple duly tormnla, as 
follows t 

Are& f>f pump plun^r, 25 inekes dlimeter 400.876 squire inehes. 

Area of section of 5-inoh rod = 10.03S. 

Deduct one-half section of rod 



B.8175 square Inches. 
481.0570 square inches. 



0414.1 foot-poandu. 



Mean eSective area of plunger 

Under a presnre of one pound per square Inch, and at ont 
revolution per minute, the net work of Coo pumps will be 

481.0675 X S X ^ ^3*" = 

Tben, It in anj case. 

r = number of revolnlions pet minute, 
•ndp = meanpreHBure.in pounds per square inch on the pump plungers, 
*lie foot-pounds, or work per minute, will be 

6414,1 p-r (a) 

Now, the ditln is llie number of tool-pounds due to the comboslion of 100 pounds 
of coal, which, to the present case, is assumed to evaporate 10 pounds of water per 
Pound, or 1.000 pounds of water por 100 pounds. Tbe elpression (o) mast, therefore, 
b« divided bf the ratio of tbe actual rate of evaporation per miiiuli^ to 1,000 pounds. 
Then D being the dutr and W the uumlier of pounds of water evaporated per minute, 



I 
I 






= 6,414,100 > 



(A) 



tbniluting the values already found in (A) we get, finally, for the duty : 

103.7.3. 1 X 17.04 
"i»t.l3S ^ 



.MR.0«X"^S^ 



: 117 936.698 foot-pounda. 



j 



This rraalt exceeds the gusruiteed duty lOS, 000,000 by 12.32 per cent., o 
nearlv one -eighth. 

Tlie datv. buied upon the actual coal coBBumptioa. mnj be foaod u foliowe 
C being the coal coDBuinption per minute, in hundreds o( poonde. the duly fonnt 
will be 1 

0=0414.1 &i (B) 

In the prsHent case, the rate of coal coDsumptlon, per minute, was 10 pounds. 
Whence c= ^ = O.I. 

This, in (B), gives as for the duty : 

D = (MI41 p r. 

= 04141 X 103.735 X 1T.04. 
= 113,378,479 foot-pounds. 
This result is 7,BB per cent, greater than the duly guaranteed hy the Holly Ml:^::, 
faetarlDg Company In their contract with jour Board. 

THE CAPACITY. ^^ 

B new SaratogK engine Is : ^^H 

= 333,2 U. S, gailona per revolution. ^H 

The rate at which water was pamped during the period of eighteen hours, wii, 
therefore, 

1T.04 X 333.3 X 1440 = 8,1711.028 gallonB 
In twenty-tour hours, at a piston speed of 113.8 feat per minule. 

This rate, it will be observed, is BometLing more than two per cent. gteUer thai b 
required by tbe contract : while Ilie pumps were opernted apinit > pressure 8.TS pn 
cent, greater tban was required. 

The quantity ol water actually pumped during twenty-four hours, against a prmtM 
of 103.575 pounds, and at a piston speed of 115 feet per minute, was 8.277,364 C & 
gallons ; exceeding the contract capacity by 3.47 per cent, against a presanra 8.S7 pef 
cent, greater than was required by the terms of the contract. 

There is no doubt whatever as to the ability of cbis engine to operate the pamp* 
against a pressure of 140 pounds per square inch, without danger to any of the part* 
of either engine or pumps. The pumps were not put under this pressure, for the maa 
that tt was not deemed wise to endanger street maiug, house plumbing or the bote, 
which discharged the surplus water into sewers, when no emergency existed whldi 
required or would justify the employment of such a pressure. 

In the absence of a precise determination of the steam used in the cylinders and ll 
their jachets, li has not appeared to be important that the large number of indiMlw 
cards taken should be thoroughly analyzed; but they have all been examined cirefullji 
and the following facta have been deduced from the Hlesm cards . 
Mean distance which the steam followed is right high-pressure 

cylinder 0.3B4 

Uean distance which the steam followed in left high-pressure 

cylinder 0.306 

Mean distance which the steam followed in both high.pressure 

cylinders 0.300 

Clearance of high -pressure cylinders equivalent to fraction of 

Btroke .. 0,027 

Heui volume of steam at cut-ofF, right high-pressure cylinder. 

fraction of piston diBplocemem 0.331 



^ 
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Mmd volume of Bteain ri cut-all, left bigli-prewura cjlioder, 

rractloD of piston displacement 

Ueaa voiume of Bteam at cut-oft. botli cyltndera, fraclion of pistoa 

diBplacement 

foluDie of cvliQdtin. plus clearance 

Bteam expanded in right liiglj-presanre ejlinder, times 

Bu^m expanded in left Uigh-prcsBure cj'linder, times 

i«un expanded \n both cjllnders, timM. mean 

lean pfessure of steam, above xero, at cut-off in right high-prev- 

Mean pressure of sleam, above zero, at eal-oCt in left high-pressure 

Uean presinre of steatn, above zero, at cut-off in both cvlindera . . 
Metui preesure above lero. end of stroke, right high -pressure 

cjllndet 

pressure abovo aero, end of stroke, left high-pressore cyliU' 



d*r-. 



Mean pressure above «ero, end of alroke, both cjHndera 

Cluarance, low-pressure cyllnderH, fractloa of stroke . 

Ueau pressure, at end of Btroke, right towpresaure cylinder 

Uean preaiure, at end of stroke, left low-pressure cylinder . 

Mean pressure, at end of stroke, both cylinders 

al>»olute pressure at cut-off = fl5.C06 _ . 
Mean absolute pressure eod alroke = 32.(123 ~ ' 
Ueot) absolute pressure at end of stroke, higb-pressure cylinder = 83, < 
Mean absolute pressure at end of stroke, low-preeaure cylinder = 7. 
iitfi X 2.933 = 13.349, by pressures. 

VOLUMES OF STEAM. 



0.327 
1.027 
8,300 
3.085 
8.1435 

90.053 pounds. 

05.44 poQcda. 
05.U9(! pounds. 

83.238 pounds. 

83.03 pounds. 
32.G2S pounds. 

0.080 pouods, 

7.86 pounds. 

1.65S pounds. 

7,T565 pounds. 



Tnlnme of high-pressure cylinder, less half the rod . . 
Tolame of clearance. 2.7 per cent 



Volume of cylinder and clearance 

)l«an Tolunie <if steam at cut.off, including clearance, 
^ 0-3 X 13.1433 X 0.8548 = 



Ue*n Bxpanrion in hlgh-presBore cylinders, by volume = - 

Volume of low.pressure cylinder, less one rod 

ne of clearance, 3 per cent 

Tolame of clearance, higb-pressure cylinder 



Final volume of steam 

Final volunje of steam = 54.5805 _ 

Toloma at end of stroke, high-pressure cylinder = 13,4971 ~ 

Tola! sipansion, by votunies - 4.M4 X 3,141 = 

Mean absolute pressure, end stroke, high-pressure cylinder 

Sieaa absolute pressure at cut-off, highpressare cylinder = 05 601! 
Eipansion in high- pressure cylinders = "flXlT ~~ 

Jlsan Bli»"lute pressure, end stroke, low-pressure cylinder 

Ucan abBolute pressure, at cat-off, high -pressure cylinder = 95.698 
'otal measitrB of expansion —^g^TOj = 



1S.4971 cable feet. 

4,2975 cubic feet. 
3.141 
52.0468 cubic feet. 
1.5794 cubic feet. 

.3548 cubic feet, 

545805 cubic feet. 
4.044 

13.703 times. 
33.1)99 pounds. 
80.467 pounds. 

7,7567 pounds. 

7,S34 pounds. 
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The meui pressure at cot-off In the blgh-presaare ejlioder, as indtcued bj ibc 
gauge, ia probabl? about llire« pounda In exceaa of the tnitb ; nevertbeletB, llie fun- 
going deductioDB are of interest, as are the foHowiDg approximate estiiiiateB of lUf 
water BceouDtsd fur in the cjlioders. 

WATER ACCOPNTED FOR IN THE CTLINDERB. 

At the patot of cut-'jtf, in the high-pressure cjllnders p«r minute ; 
4 X *-20T5 X 0Ji3I3 X 17.04 = (t4.7U3 jmunds. 
3. At end of atloke id iha iiigh pressure cylinders, per minute : 
i X 13.4871 X 0.0803 X 1T.04 = 88.474 pounda. 
3. At end of atioke Id lovrpreasure cjUndarg. per minutn: 

4 X 54.8805 X 0.0307 X 1T.04 = 77.808 pounds. 
Aasomlng now, that the metered water, leaa the waste In taking the temperature o( 
the feed, repreaenta the water which entered the cjlindera ae ateam, we have: 

Ponnds of water, per minute, passed the meter SlXli 

Deduct waate .MS 

Pounds of Btesm entered cjllnders, per minute SlMi 

Of thla, there ia accounted for at cut-oS : ^H 

64.793 poaods or ^i^? X IW) = 73.05 pet cent. ^H 

At the end of stroke in the lilgb -pressure cylinders : ^H 

88.847 
88,847 pounds, or ^f^g X 100 = 78,83 per cent. 

And At the end ot the Htnke in ths low-pnuun cyUnden-. 

77.80S pounds, or g,^ X 100 = BB.OS per cent. 

Tbua it appears that at the cnt-off there was. ia the high-pressore cyllndera euli 
minute, 33.509 ponnds of water, coaatltuting 26.05 per cent, of the steam and nW 
which entered the cjlindera. At the end of the stroke in the high-pressure cflindcn. 
there appears to have been, each minute, 18.874 pounds of water, constituting 31.1Sp«' 
cent, of the water and steam origina!!; enteriog the cylinders. 

At the end of the stroke in the low pressure cylinders, tliere was, each minute, 9,M 
pounds of water, constituting 10,03 per cent, of the steam and water which originillj 
entered the cylinders. 

It Is much to lie regretted that such complete arrangements as would have entbkd 
US to collect complete and precise data, could not be made. 

With such data, it would hove bten practicable to have determined : 

1. The water, if any, carried over with the ateam— or the quaUty ai the steam. 

9. The condensation lu the cylinders before cut^ifl, both with and without sleux 
in the jackets. 

3. The re -evaporation during expansion, in the high-pressure cylinders, under like 
eonditloDS. 

4. The re-evaporation ia the low-pressure eylindeni — under like oonditiona ; anil 
0, The quantity of water In the cylinders at the instant of exhaust. 

6. The efficiency of the pnmpa, or the ratio of the net work of the pumps lo tkf 
ladioated work of the steam In the cylinders. 
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Theae facts, satiflf^etorilj detenniiied for this excellent type of engine, woald be of 
great profeasional as well as public interest. 

The nuUeriaU used in the canstrueHon of the engine and pumps are apparently of tJie 
beH ; the wfrkmanMp is eoDeeUent, and the operation of the machine is, in aU respects, 
simply admircMe, 

Our eonclnaion, therefore, is that the Holly Manufacturing Company have, in the 
performance of their contract with the Board of Water Commissioners of Saratoga 
Springs, materially exceeded their guaranty ; and hence, that the machinery should be 
accepted. 

In conclusion, while congratulating the citiaens of Saratoga Springs upon the pos- 
session of what we think can be safely pronounced to be the best and most efficient 
pumping plant in the country, we desire to thank the Board of Water Commissioners, 
and their efficient and gentlemanly Clerk, Mr. Samuel F. Corey, for the generous pro- 
Tision which was made by them for our comfort during the test. 

Respectfully submitted. 

D. M. GREENE. 
Trot. November 1. 1889. 
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TABLE No. 2. 

RiooRD OF Tb8T of thb Qaskill Horizontal Duplbx Compound Pumping 
Enginb at Saratoga Springs, N. T., October 15 and 16, 1889. 

GOAL CONSUMPTION— WITH DEDUCTIONS. 



» 


1 


TIMB or CONBUJfPTION. 


Rati 


OF COMSUMFTIOX. 


Datb. 


1 No. 
Charge, 






















Per hoar. 


Per min. 


Per f^ooHre 
foot ^eta 
per hour, 
Ihn. 


1889. 


900 lU. 


From 


To 


H.M. 


lU. 
6 


lbs. 


1 


2 


8 


• 
4 


6 


7 


8 


October 15.. 


1 


12.00 m. 


1.45 p.m. 


1.45 


5i4.8 


8.57 


7.798 


M 


2 


1.45 p.m. 


8.15 " 


1.80 


600. 


10.00 


9.091 


I. 


8 


8.15 " 


4.88 " 


1.18 


692.3 


11.54 


10.488 


U 


4 


4.88 " 


6.00 '* 


1.27 


620.7 


10.84 


9.408 


It 


5 


6.00 '• 


7.30 " 


1.80 


600 


10.00 


9.091 


• t 


6 


7.80 " 


9.00 " 


1.80 


600 


10.00 


9.091 


«l 


7 


9.00 " 


10.26 " 


1.26 


628 


10.47 


9.515 


U 


8 


10.26 " 


12.00 MID. 


1.84 


574.8 


9.57 


8.701 


October 16. . 


9 


12.00 MID. 


1.35 a.m. 


1.35 


568.6 


9.48 


8.615 


(• 


10 


1.85 a.m. 


3.00 " 


1.25 


635.1 


10.58 


9.623 


u 


11 


8.0O •• 


4.25 " 


1.25 


635.1 


10.58 


9.623 


« 


12 


4.25 " 


6.00 " 


1.35 
1.30 


568.6 


9.48 


8.615 


Means 


• • 




■ 



600.00 


10.00 


9.091 



Note.— -The " Means," in the above Uble, are the means for the entire period of 
eighteen hours, and not of the rates in the several columns, which obtain for the 
different times indicated in the fifth column. 
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To the Trtutee» of the Water Workt of the City of Diiyti 

Gbhtligmbn — Berenilh 1 hsTe the hooor of handing you tbe report Dpon tlie dol; 
■nd perfonnsDCB of the latelj erected Osakill Compound Pumping Engine, bouglil of 
the Holly Manufacturing Compao]' ol Lockport, N, T, 

The engine is or tlie horizontal beam, rotative, compound, condenaing type, coapled 
to a fly>wlieel, abaft with cranka at nlDcty degrees. The hlgb-preeaure c.vlindM >i 
mounted on top of tho low-preasure cylinder. The low-pressure eylinder is fltmlj 
bolted to a bed frame, wIlL the piatona moving In oppoaite directions. The pnnipl vr 
in line with the low-preraure cylinder and boiled to the same bed frame. The Bii«m 
cylinders are JDckoled. including heada with steam of boiler preasnie. and the con- 
deneation is trapped Ihrongh it heater to the boiler feed pumps. 

The contract requirements of the engine were a pumping capacity of 10.000,000 
TTnited States gallona in iwenty-four hours, working at rtlneteen revolntiona p« 
minuto sguinst a pressure of sixty pounds per s<)uare inch, including Buction-l)fl,ud 
to develop a duly of 106,000,000 pounds of water raised one foot liigh, with \ <M- 
samption of 100 pounds of coa), on ibe basis of ten pounds of water evaporaled bft 
pound of coal. 

The lest began November 22, 1889, at 10.30 A. M., and terminaled November 23,1881, 
lOttO A. u, — a period of twenty-four hours. The platform scales weighing the wain U 
the lioIIerH. were tested and sealed the previous date. The preaaure gauge was tcUcd 
■hortly before the trln! by a certified teat gauge number 

Having no meona of measuring the actual amount of water pumped without limi- 
ting off the city supply, computations nere agreed upon a basis of plunger diiplm- 
meat,.daduFting three per cent, for slip and other defective pump acllons.a dedoctioB 
which the reprfsentative of the Holly Manufoctaring Company thought entirely too 
great, but finally agreed to sanction It. The condensation water from the steam-jackrtl 
Is, as stated before, carried back to the boilers. To aacertain this amount exactly (rooM 
necessitate a large expense of piping, and, having sufficient data on hand of pTeiioU 
tests (aee Philadelphia test, January 10, 18SH|, it was agreed to maKe it ten per cant. if 
the total water evaporated in the boilers during the twenty -lour honrs and ehs 
the engine. 

It woa agreed to take half hourly observations from boiler preaanre gauge, 
presaura gauge, vacuum gauge, revolution indicator, and readings of difference of level 
between center of pressure gauge and surface of aupplyiog well. To facilitate thc« 
readinga, said difference was found by leveling with a leveling Inatrnment and a tt»- 
■tool of nineteen feet, sis and three-eighths Inches thus established was used by plu 
and minui readings to arrive at the proper difference. 
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The water (or the bollsre « 



I Mken from tlie citf eapply ftiid piped t< 



fioder. 



uak mi>nnt«d oa a pUtrorm acale 0BpKbl«< of holding one thoasMid panoda, weigli^d and 
niD llif'tico to another tank below of the Mme eapncltj, from which ■ pipe Bitacbmeni 
nt nuule to the tno biiclc putiipt fording the boilers, Tht>Be pumps are drlrcu from 
ongioe rucker shuft. Eufa iroter clurge was 1,()0Q poauds, and as t!i« tpeclRcalions 
rtqiilnd thai ten poamls of Water should bv considered oue pound combustible, there- 
fore partlcalBT alteDtioQ was given to the accuracy of the observation on th« amount 
of water weighed to the boilers. 

Mr. CUrenee Folsom was In charge o[ this part of the trial in behalf of the ciiy. 
Relent to one poand of coal, made the engioes and boilers two sepsralo plants. 

The boilers furnishing steam to the engine were three In number, of the horizontal 
tubular tvpe, and nsed tor a period of many j-ear^ to suppi; steam for the old engines. 
The maiuigpment of tne boilers and all ultachments to and from were under the able 
■npervlsiati of the Chief Engineer. Mr. Miirtin Weaver ; and all the data given about 
naporatlon capacitj of said boilers are taken from the memoranda of that gentleman. 
The management of the engines during the trial, was nnder the direotlons of the 
rep reneii tail vo of the Bollf Manufacturing Compau;, Mr. Decrow. 

During the entire test the performance of the engine was aniformly satlstactorj in 
eT*rj' observed particular. From the readings of the preaaafe gauge jou can obwrve 
the preasure to be nearly uniform with verj small vsriatlonB ; the vacuum gauge was 
niiiall]' comtaot, and the steam pressure gauge shows the same uniformltj which is 
partly due to the excellent valve-gear, partly to the proper management of the iMJIers, 
•ad gnrslty to the accumpliihed skill in tiring of your Mr. John Eing. 

e neglect in oiling, the upper pin In the left-hand rotative beam was heated, 
'llut In ibnat Ave honrg tha pin was cooled down and continued to be for the duntioa o( 
e trial. Stuffing boxes and glands were perfect ; no escape of steam, neither from 
!Ugh or tow-presBure cylinder could be noticed. The only noise that could Iw heard 
»as made by the air pumps, on account of the brasses being a, trifle loose. 

The indicator cards taken jointtf b; Mr. Decrow and Mr. Lofkin from the high and 
low.pressnre cylinders show an evidence of perfection of this scpslcive valve-gear, and 
If there Is any eauac for criticism, then it msy be mentioned that the induction corners 
II both high and low-pressure cards could be sharper. However, it mast be mentioned' 
Iso tbst the valve-gears adjusted for tiie daily working speed, for a speed two-tbirda 
MS than the testing speed, and I venture to say that cards taken at a speed of twelve 
to fifteen revolutions pel minute would demonstrate the beauty of this valve-gear to its 
I eaieol. 

Enough cannot be said aljout the regulator. Any variation in pressure, the regulator 
Will correct in one to one and a half revolutions of the engine. 

to Uie expansion curves on indicator cards, I believe they are true to their 
itlcal expansion curve. The loss between high and low-pressure cylinders li ver; 
II ; the amount of this, however, I cannot ascertain exactly far want of data to plot 
cards to one scale. If you wish, however, I will procure the percentage of dear- 
en. etc., and hand It to you at the earliest moment. 

Tbo Indicator cards taken from pumps are perfect. The waved corners are the 
inIC of the vibration of the indicator spring. The waved line in middle of stroke il 
» Cfl vibrations of the valves. 

In the summary of the lest readings you will find 840 pounds of water deducted 
im ttw total of evaporation. The amount of this derives from the coUoclion of tour 
ikage* of the steam vslre leading U) the old engines that could not be nude perfectly 



■mail 
iLeo 



I will not omit to mention lliat llie test wu made io pumping Rgajnat siitj poiuidi 
preaau.ru per inoli. excluding suction-lift, which mtaos the pumps wera working iguart 
an additional pressure of about twenty fei-t, not providud (or in the conlraet. 

la coiialdi^raticin of the TemBrkable duty of thia engine, I think it nccenai; U 
append for future reference correct copies of all readioga and observatioas, iDdinlot 
cards from all pistons and plungers. 

For information as to essentia] points of the lest you are reHpecttuUy referred to 
following, vii, : Description, sumraary, result, and evaporation. 

DESCRIPTION. 
Taken from speciGcationa. 

Eigh-presBure cylinder 25 inckei dlaine 

Low-pressure cylinder 90 Indiea diaoM 

Pump plungers 37^ incliea diams 

Stroke of all pistons and plangera SB Inches. 

Plunger rods 4^ inches diame 

Main orank shaft 11 !>^ laches dianuier. 

Fly-wheel 18 feet diameter 

SOMMART. 

Duration of test 24 hoan. 

Average mean preisare by gauge 60.01 pouida 

Mean differenae in level Lutween center of pressure gaage and 

source of supply 18.48 feel. 

Average total head pumped against l.)8.0SS test. 

Revolution of engine during trial 27,047 

Plunger displncement per revolution of engine in United States 

galloas 885 galloM. 

Feed water weighed to tlie boilers 90^18 poniidi. 

Jacket water returned to boilera, 10 per cent, of total 10,064,32 poondl. 

Total water weighed to boilers in 2i hours 107,483.23 ponndi 

Total leakage of water from leaks, 840 poundl 

ToUl water (steam) used by engine in 24 hours. 108,042.23 poundi. 

Temperature of well water fflo F»lW- 

Temperature of teed water to boilera BBf Pihr. 

Average steam pressure 75.S3 ponndt. 

Average vacuum 20.40 Inebo* 

Contract basis of evaporation 10 poairi* 

Weight of one United States gallon of water at 53° Fahreuhatt . . 8.887 pooBilt, 

Temperature of air in eoginoroom 70" Falw. 



RESULT. 

T^ 885 X .97 X 87,04 7 X 8 .337 X 106,038 X 1-000 ,„, „o„,„, . .. 

Duty = iOsvWsi " ~ 124,783,157 foot-poundi- 

Contntotdnty lOB.OOOOOO 

BxoeM 19,78S.1&7 

or 18,8 per cent, above guarantee. 

Cap»dty,B85x .97x27,047 10.100.702. IB gsllo" 

Capacity as per coQlracl 10,000,000 gkllona 

100,702. 16 gsUou. 
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EVAPORATION. 

Feed water weighed into three boilers 96318 pounds. 

Total coal consumed 20,100 pounds. 

Ashes and incombustibles weighed back 680 pounds. 

Temperature of feed water 58^ Fahr. 

Average steam pressure 75.82 pounds. 

Evaporation per pound of coal, iQiL-ea o ~ ^^^^ pounds. 

1211 53 

Evaporation from and at 212** Fahrenheit, — ^^^ X 4.811 = 5.768 pounds. 

The result of evaporation is not satisfactory. A fair average will be seven to eight 
pounds, but in order to pass a more correct judgment and to locate the deficiency, a more 
elaborate test would be necessary. The boiler test was a secondary matter. No calori- 
meter tests were made, and possibly the trial would show better results if only two 
instead of three boilers had been used. 

Recapitulating the result, the engine has fulfilled all the requirements of the con- 
tract, and the City of Dayton should be congratulated upon the installation of so fine a 

pumping plant. 

Respectfully submitted, 

November 80, 1889. ARTHUR QIE8LER, M. E. 
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Indicator Cards Taken During Trial Teat November 22 and 28, 1889. 



Indicator Card on Pump Taken 8.46 a. m., November 23, 1889. 



Back End. 



60 Spring. 



18^ Hevolutions. 





Indicator Card on Pump Taken 8.45 a. m., November 28, 1889. 



Front End. 



60 Spring. 



18^ Sevolutions. 




November 30, 1889. 



ARTHUR GIESLER, M. E. 
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Indicator Cards Taken During Trial Teat November 22 and 23, 1889. 
Indicator Card Taken 8.46 a. m., November 23, 1889. 



Back End. 



40 Spring, 



Front End. 




High Pressure Cylinder 18^ Revolutions. 



Indicator Card Taken 8.45 a. m., November 23, 1889. 



Back End. 



12 Spring. 



Front End. 





y^ 




Low Pressure Cylinder 18^ lievolutions. 
NovEKBEB 80, 1889. ARTHUR GIESLER, M. E. 
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QAUOG RBADINQB DURING TRIAL TEST NOTBUBER 28 AND 38. im. 





Pnunr* 
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Poacd.. 


TmL 


Poundi. 


iDSllH. 


Ponnds. 


FMt. 


»,... 


btut 


A M 










P.M. 










10.86 


60 


18.66 


78 


36^ 


11,00 


60 


19.28 


76 




11.00 


00 


19.80 


7.1 


36H 


11.80 


60 


19.24 


76 




11.30 


80 


19.68 


70 


2flQ 


18.00 


60 Ji 


19.20 


77 




12.00 


5B>i 


19.99 


75 


36^ 












13.80 


80 


19.95 


76 


26}^ 


A. K. 


















18.30 


60 


19.09 


75 














1.00 


60 


19 


08 


76 




i.ob 


ao 


19.90 


75 


36!i 


1.30 


60 


18 


94 


75 




1.30 


8»H 


19.99 


76 


its 


3.00 


60 


18 


84 


76 




a. 00 


60 


30.03 


78 


3.30 


60 


18 


88 


76 




8.30 


59 


ao.05 


76 


m 


3,00 


60 


18 


78 


75 


mH 


8.00 


60 


30.19 


73 


m 


3.30 


60 


18 


71 


78 


3.30 


60 


30, le 


73 


m 


4.00 


GO 


18 


67 


75 


s 


4.00 


69K 


80.38 


76 


361.4 


4.30 


60 


18 


6B 


78 


4.80 


60 


30.84 


75 


30>^ 


5.00 


00 


18 


69 


76 


MX 


S.OO 


60H 


30,39 


77 


^6K 


5.30 


60 


18 


69 


77 


m 


3.30 


81 


20.86 


77 


^OM 


8.00 


60 


18 


69 


75 


m 


6.00 


60 


30,38 


75 


36!^ 


6.30 


00 


18 


69 


76 


UK 


G.30 


60 


20.11 


77 


36}? 
36^ 


7.00 


mi 


18 


69 


74 


m 


7.00 


80>i 


19.96 


77 


7.30 


00 


18 


69 


77 


»* 


7.30 


80 


18,00 


74 


saji 


8.00 


60 


18 


69 


78 


m 


8.00 


60 


19.78 


77 


28H 


8.30 


60 


19 


07 


78 


IK 


8.30 


60 


19.71 


77 


2e« 


tt.OO 


00 


19 


34 


78 


M'. 


0,00 


60 


19.63 


75 


wu 


9.30 


60 


19 


41 


75 


m 


0.30 


80 


19.53 


75 


26W 

a6>2 


10.00 


60 


19 


08 


75 


S 


10. OO 


60 


10.44 


76 


10.30 


00 


19 


K 


77 


10.30 


60 


10.40 


75 


36M 












Me&n 




















Average 












00.01 


19.46 


75.83 


ti.ti 















Pressure on gauge, G 
Difference In level. . 



1.01 poandsx 2.809 = 138.568 ft. 
19.46 



Total liend pumped against 158.028 ft. 

ARTHUR 01E8LER, M." E. 

November 30, 1889. 
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WATER CHARGES DURING TRIAL TEST. NOVEMBER 82 AND 28, 1889. 



Totals..' 25,000 



49,000 



73,000 



Watbb CHABOn. 


1 Water Chabgu. 


• 

Watsb CHABOn. 


Watbb Chabobs. 


Time. 


Poondn. 


1 

Time. 


Poandt. 


Time. 


Pounds. 


Time. 


Poandt. 


A. M. 

10. do 


1000 


P. M. 


25,000 


A. M. 


49,000 


A. M. 


78,000 


10.47 
11.08 


1000 
1000 








■ 






4.56 


1000 


*'i2.*08"" 


1000 


5.57 


1000 


11.22 


1000 


5.18 


1000 


12.80 


1000 


6.10 


1000 


11.42 


1000 


5.28 


1000 


12.58 


1000 


6.20 


1000 


11.54 


1000 


5.45 


1000 


1.10 


1000 . 


6.80 


1000 






6.00 


1000 


1.80 


1000 


6.40 


1000 


p. m: 




6.15 


1000 


1.40 


1000 


6.52 


1000 


12.10 


1000 


6.80 


1000 


I 1.55 
. 2.05 


1000 


7.00 


1000 


12.26 


1000 


6.45 


1000 


1000 


7.12 


1000 


12.40 


1000 


7.00 


1000 


2.20 


1000 


7.28 


1000 


12.55 


1000 


7.28 


1000 


2.85 


1000 


7.35 


1000 


1.07 


1000 


7.40 


1000 


2.56 


1000 


7.45 


1000 


1.22 


1000 


8.00 


1000 


8.18 


1000 


7.55 


1000 


1.40 


1000 


8.15 


1000 


8.40 


1000 


8.07 


1000 


1.52 


1000 


8.88 


1000 


3.55 


1000 ; 


8.16 


1000 


2.10 


1000 


8.52 


1000 


4.10 


1000 < 


8.28 


1000 


2.28 


1000 


9.08 


1000 


4.20 


1000 


8.40 


1000 


2.40 


1000 


9.80 


1000 


4.40 


1000 


8.50 


1000 


2.55 


1000 


9.50 


1000 


4.46 


1000 


9.00 


1000 


8.10 


1000 


10.15 


1000 


4.52 


1000 


9.15 


1000 


8 25 


1000 


10.80 


1000 


5.08 


1000 


9.85 


1000 


8.45 


1000 . 


, 10.55 


1000 


5.15 


1000 


9.48 


1000 


4.00 


1000 ; 


11.10 


1000 


5.25 


1000 


10.00 


1000 


4.15 


1000 ' 


11.80 


1000 


5.35 


1000 


10.15 


1000 


4.28 


1000 : 


11.50 


1000 


5.46 


1000 


10.80 ^ 


818 


4.44 


1000 

1 










1 





96.818 



Total water charge during test 96,818 poands. 

ARTHUR QIESLER, M £. 
NOVKMBBR 80, 1889. 
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FROM THE ANmJAL REPORT OF THE WATER COMMIS- 
SIONERS FOR THE TEAR 1S89. 



[The tollairlng extracts from the Kforesald report are given as Bhoving remartiblj 
iuterealing results in daily service, with liie Holly Qundrupleit, Compound, CondeMing 
Pumping Engine, as applied to the Holly system of water supply and Gre proleclioD 
for citiea aud villages, which was Invented by Blrdaill Holly and promoted by iha 
Holly Manufacturing Company. The leading feature Of the Hystem la that of mn'- 
biniog low water pressure for domestic supply with high water pressure for lire prolec- 
tioD, which two objects or results are accomplished with one acd the tjBme plant, by tLf 
□se of suitable maclilnery with closed maioH and pipea. The system has been succm- 
fully Inlroduced la more than two hundred citioa and towns since 1878, and is ttUl Id 
use with, as the following extract should prove, satisfactory TMnIto : } 



COST OF PDMPINQ SERVICE. 



Salarj of angiiiMK »1,S33.W 

SaUry of firemen I,200.« 

Salary of assistant fireman 250.0" 

Fuel (including Bome fuel not used) 2,4S5.0< 

I Oas Vi-^ 

Oil and lubricators 16iS' 

Packing and gaskets 8l.W 

Compound for boilers I08.W 

Waate Sfl.M 

Telephone company 4(.M 

I Bepalrs for boiler, engine, etc SSS.W 

I t6,T3t.« 

tm PresBure whs raised tor Area forty times during the year. 
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SUlOf ABT OF STATISTICS. 

Population, by oenmu of 1880 17.317 

Population (estimated) 85,000 

Kind of engines— two H0II7 qaadmple, 4 cylinder, oompound, 

condensing. 
Capacity— 2,000,000 and 6,000^,000 gallons per 24 hoam 
SjBtem— direct pressure. 
Soarce of water— excavated wells and Sasquelianna River. 

Number of days pumping 865 

Average pumping time per day 24 hours. 

Total number gallons pumped daring year 1,098,747,601 

Total number gallons pumped per month 91,145,640 

Total number gallons pumped per day 2,996,560 

Number of gallons pumped per one cent fuel 5,885 

Average head pumped. In feet 166 

Dynamic head on pump by gauge 60 poundH. 

Total amount of coal consumed during the year 1, 128 tons. 

Total amount of coal consumed per day 6,152 pounds. 

Average pounds of ashes per day No record. 

Rind of coal — Anthracite buckwheat 1,128 tons. 

Cost of coal per ton $ 1.85 

Cost of wood for the year 10.00 

Cost of fuel for the year 2,087. 55 

Cost of fuel to raise 1,000,000 gallons 166 feet high $1.98 

Cost of fdel to raise 1,000,000 gallons 1 foot $0,011 

Duty in pounds of water raised one foot high with 100 lbs. ooal. . . 62,968X)00 
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BBANTFORD, OKT. 

.liscAKV. 18yu. 



liEPORT OF THOMAS WORSWICK, M. E. 



To the CKairmnn of Chf WiiUr Vommimiomrt of the Citj/ of Brantford: 

CiEXTUtMEK — I Iiuro ihe LoDor to report to jnu on the perfonn&Dce at the pair ot 
eumjioDiid condensing Gull ill puuping »iigitie«, contracted for bjtbe Watero us Engine 
Worka (.'utDpacj or jour city, tnd manuiBctured b; ibe Holly Manu fact u ring Company, 
l^okport. N'. r. 

The englDM ftre of Ibo nell-known GaaklU design, with higli-preaBiire cylludera of 
e\i« incboB diameter, lonpreMure cyllndera twenty-four fnclies in diameter, and 
ptunp cylinder fourteen ioclies In diaiueter. twenty -two incb stroke. 

Tb« tcflt waa begun on the Stb of January, aX ten a. u., aod exiendtid over a period 

torentjr.foar hours. Tlie method adopted wu to weigh tb« water, wbicb was 

in{>ed into a bairitl plafed ou tbe platfonu scale, and run from this barrel ioto an iron 

lank, frum wbicli the water was pumped ioto tbe boiler by an independent teed-pamp. 

there waa no mcHns provided by which the water could be fed to the boiler by the 

painpR attached to the engine, 1 was compelleti to use the iodepeDdeDt pamp for th>t 

rpoee, which ia very wasteful nf ateam. I also touud it impossible to collect the 

iter from the jacket of the cylinders, and, aa I could not provide meana for colteettng 

t withont a very con aid era ble delay, it was therefore decided to go on with the tost, 

ithuDgb the conditloDH were very unfavorable for getting the best duty from the 

agine, as the result of my calculatioas will show. 

Only one holler was iiaed. and before starting on the test tbe height of the water 
1 the boiler was noticed nnd left al the same height at the close of the test, tt wbb 
'dund. however, at the termination of the trial, that the water In the boiler next the one 
Mil had ^^ of an iDch. This could only have c«me from a leak in the stop-valve con- 
Hting the two boilers together, aod must be credited to tbe engine as well aa the 
'aler used by the steam pump, and that lost from tbe jacket of the cylindere. 
Tbe dimenslona of the engines and pnnjps, with tlie data for the caleulatlons. are ea 



ligh-ptessare cylinder, diameter 

ow preasure cylinder, diameter 

amp cylinder, diameter 

Qinp piston-rod, diameter , 

lean area of pump cylinder 

presBure of water gauj^e from 4Q readings 

(koq distance from water in well to Boor of pump well, 11,478 = 

Ustanee from center of pump cylinder lo pleasure gauge, 0^ = . . 

'ricttonal re^lslaiice In sui'tion-plpe and passages 

>icclonaJ raelHtance between pnmp cylinder and pressure gauge. .. . 

preuure on pump plunger per square inch 



le 






24 


inches. 


14 


iacbea. 


a^ 


inahes. 


131.46 




6I.7B5 pounds. 


2. sot 


pounds. 


2,!00 pounds, 


l.lOt 


pounds. 


.432 


pounds 


71.88B 


pounds 



BOAinTOBD, ONT. 
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Total presaare oq both (combined) pump plungera 21.613,3 

Engine counter at begitiniug of trial 32B 

EngineconnlBratt«rminntion of trial 85,eM 

Total number of TevolatlonB in twentj-fourg houn SS,S65 

Total number of feet traveled hj bolli pump plungers 261^3.3! 

Total water feed to boilers 34,640 poundi, 

Water used by feed pump five per cent, of tbe whole 1,733 pcundl. 

Water lost from the jackets of cylinders, 10 per cent 3.4G4 ponzids. 

Water leaked through to the other boiler, 326 pounds par hour S,428 

Total water used bj the engine 29,218 p»al» 

Gallons of water displaced per revolution 57.? 

Total revolutions for the trial o( twenty-four hours BS.665 

The dutj caleulation becomes 

261543 32 
151.49 X 71.336 X -29318^ ^ 100=96,736.491,16 

fiMt-pounda with 100 pound;* of coal consumed, based upon a boiler performance of U 
eT6poration at 10 pouniia of water per pouod of coal. 

The enpncity calculation is 57.7 X 3S685 = 2,057,870.0 V. S. pOlons. 

The specifications say, " The macbinerj above described will be guaranteed to be 
Capable of lifting 2,000,000 U, S. gallons of water per twenty. four hours agalust iliMd 
of siity pounds for domestic service, and against & Uesd of 150 pounds for fire Bsrrice 
at a piston spted not lo exceed ninety feet per minute, and will be guaranteed loya- 
form a test duty of 95,000,000 foot.pounds from each 100 pounds of cfiul consumdi. 
based upon a boiler performance of an evaporation of ten pounds of water per pound 
of coal," This part of tlie contract has been fulfilled to the letter. The engine, puiap«, 
Bud all the details pertalQiog thereio, are etriclly SrsKlass and ci?mpleie in oitx] 

At the termination of (he twenty-four hour test, eommenced to run the OisUll 
engines on the fire test. The engines were started to work Bgnlnst sixty poondt 
pressure, and the pressure gradually locreSBed nntil it rose id 150 piiunda. I, of cvom, 
expected the engines lo show some signs of labor as Ibe pressure pumped igalut 
increased, but to uiy surprise tbey moved along with as much apparent ease as wtM 
pumping for domestic service with only sixty pounds pressure. This test only lutvt 
two hours, for the reason that I beroma fully satisfied that llie engines would ptl- 
fomi this doty for Bny length of lime without the slighiesl risk to any part of tli» 
m Belli nery. 

From ibe appearance of the indicator diagrams taken from these engines, I wuM 
to expect a duty of at least 100,000.000 foot pounds with 100 pounds of coal, Tbedoir 
not coming up to what I looked for, I made a careful estimate of the water conitnarf 
by the engines, as accounted for by the indicator, and 1 find that had there been as 
leakage of water, and if the water lost by the jackets with its beat had been retoatd 
to the boiler, as will be the case when in constant use, with the saving of slenm cSecMl 
by using Ibe pumps on the engines to feed the boiler, the duly would have been OP*- 
siderably over 100,000,000 foot-pounds. 

The specification for boilers is no specification at all. It appears to have b«en Ml 
to ibe honor of the contractors as to the quality of the boilers supplied. I can onlf 
say that had tlie coutrnclots been bound by the most stringent spedSeationa powiH» 
ihej could not have given you better value. 

All of which is respectfully submitted, 

THOMAS WOBSWICK- 
HAUaTON, January 27, 1890. 
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REPORT OF GEOKGE REYER, 

SCTEKINTENDENT OF XasHVII.LE WatER WoRKS. 

Nashvillk. Tenn., Marcli 18, 1S90. 
To (Ai< ITtm&rablt Board of PnUic Works •ind Affair' : 

0KNTI.B11EN— The folloning report □□ the duty and capkoil; test at engine erected 
It lUe new pampiog sMtion b; Ibe Holif Huuf&etarliig Company is reepectfuUj sab- 
Diltted. 

OBJECT OF THE TEST. 

The olgvct of test was to detenniDe whether or not the 
pamiitng ststion by the Holly UBmifsctu ring Company, wi 
mlUloD ^UoDS of water froDi the Cumberland Kiror, llie 
rBwrs-i^ir on Eirkpatrict's Hill, each twenty-four hours. 



nffine, erected at the l 
capable of pumping 
)urc-e of supply, into 
and performing a duty 



the 



alghty-two million footpounds for each one hundred pounds uf coal consumed o 

(if evaporation in the lioileri of eight pounds of water for each pound of coal 
iConsumed, variable either way, proportionate lo the variation of actual evaporation from 
■bove rate. 

The basis of above-Danied rate of evaporation to be the raising of temperature of 

id water, aided by the coodenaer and other appliances common to the regular working 

sixty degrees F. to the requisitL- heat nud pressure of eighty pounds, making 

knee and corrections corresponding to the actual temperature of water in the river, 

VI the time of making teat. 

DESCRIPTION OF MACHINERY. 
Th« engine is a vertical compound condensing engine, having two high -pressure 
'Ilnders thirty -three Inches in diameter and two low-pressure cylinders aiity. six inches 
. diameter, with overhead beams. 

Tb« ends of the beams are extended beyond the high-pressure cylinder to allow the 
sertion o( a conuecllog rod pin. 
The lower ends of the two connecting rods are attached to the cranks, which are 
an angle of oiuecy decrees to each other, A Ay-wheel, twenty-four feet In 
ia placed on the main shaft, and is common lo both englneg. 
The pnmps are single-acting plunger pumps, twenly.sereo inciiea In diameter. 
ese pampH are placed directly under the steam cylinders. In a dry well, the distance 
m the base of pumps to the bed plate of engine being fifty-eight and one-half feet. 
The pump rods being an extension of the piston rods, the plungers are driven 
■\y hj the piatona, and the stroke of both piston and plunger Is Qve feet. 
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e being made for li 



TLa aondeneer ia a surface^ condenser, part of tlie w 
tlirougb the tubes of tlie coudenaer, and then back 1: 
used for condensing is iio( wasted. 

There are four air pumps and foar feed pamps connected to aad driven bj the null 
engine. 

METHOD OF TEST. 

The water pumped was measured in the raserToir. alli 
and evaporation Ity actual trial after the teat bad been completed. 

HeBHoremente were made by the City Engineer allowing the capacilT of the tt 
voir In United Slates gallons tor each six inches of depth from 0' to 31'. 

The arrangement used for tneaauring the height of water in the reservoir con^Bied 
of an electric batterj* and bell, a light, wooden Boat, having a copper plate on its uppet 
enrface, a steel tape and a return wire. 

Thla waa so arranged that when the end of tape touched the copper plate, ih«ob. 
server waa notified by the bell, and reading could be taken to within oae-silteeslk sf 

The water furnished to the boilers was run into a wooden tank wlier« It m 
fnlly weighed, thence into another tank, from which it was taken hy the teed pmnpi 
connected to the main engine, and forced into the boilers. 

All other water pipes connecting with the boilers were discoDnected, so tbai t» 
water could enter tUu boilers eicept that which passed through the weighing U 

Readings were taken every half hour of llie ateam pressure, water prewure uul 
vacuum gauges, revolution counter, temperature of water in overflow from air pnni[w. 
level of water lu the wet well, and temperature of the water in the tank from whiehlt 
was pumpud to tlie boilers. 

Aa account was also kept of the coal consumed, and the ashes taken from tbt 
fumttcei. 

The water taken from the steam trap on the main steam pipe was run into a bunl 
and weighed. 

A barrel calorimeter was placed on the main steam pipe between the steam trap ud 
the engines, a test for dryness of ateam made every few hours. 

Indicator cards were taken daily, a full set of which I submit for insjiectioa. 

Rainfall and barometer readings for the period of teat were furnished by the obaeTrei 
of the U. S. Signal Service. 

At the beginning of the test the height of water In the boilers and the surface uI 
water in the tank from which the water was taken by the putnps was noted, and al tbe 
end of the test the water was brought to the same level in the tank, but was fouodlo 
be some higher in the boilers. The excess of water in the boilers (ras determined li.' 
actually weighing the water necessary to make the difference in the height uf wata 
noted, and was found to be 13^3 piunds. 

It was not convenient during the test to use water from the sir pump overfloir, ud 
water was taken directly from the main to fill the lack ; however, the water from 
denser and jackets ran be used ordinarily, and in this manner the water returned to 
boilers at a temperature of 111,9" F. while the water in the tank was 50.0'' F. 

In order to find the economy of engine, it sliould be credited with the qoantity ^ 
steam trom,W.9°F. to SO pounds pressure, equivalent to tie heat retaued to bwlen 
by feed water. 

As the feed water was pumped by pumps driven by the main engine, thi> "oft 
Bboutd also be accredited to engine. 

The heal imparted to the entire quantity of feed water (1,014,278.5 lbs.) in ttistf 
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P]U temperature from 50.0° F. to Ul.O^F. would be equnl to 53^43 poundi of atekm 
raised from 50.9" F. to eighty poundu pressure. 

TLe feed water (1,014.378.5 lbs.) was Forced Into tlieballere against eiglity-oDe pounds 
I pressure per sqnare iacli. or »□ equivalent head of 187 feet. TLe work thus douK 
I kiDOUDtB ti> 180,670,079.5 foot-pouods. 
I LEAKAGE OF RESEttVOIB AND PIPE LINE. 

la ortlBr to ascenam the leakage of pipe Hue and roaervuir, just after completing 
the t«Hl. the water was cut off above the pumps so that there could bo no leaks through 
the pump valvei, and the full pressure due to the elevatiou of the rtaerroir was msln- 
tftined on the pipe line. 

It was tound b; a meB«urement taken oo the loUowing day that the surface of water 
in reBervoir had fallen at the rate of 3.03 inches io twentj.four hours, equal to a leak. 
age of 507,401 gallons. 

The water was then drawn olT until only seventeen feet remained In the reiervoir, 

when the leakage was found to be at the nte of 1.41 inches, or 2Q(t,206 gallons in 

twcrktj'four hours. The water was again drawn olT, leaving only thirteen Inches of 

water In the reservoir, wheo the leakage was found to be 1,52 inches, or 197, 5113 gallooB 

twenty-four Lours. 

Prom the above data, tLe mean leakage of reservoir and pipe lioe whs found to be 
279.8941 gallons per twenty-tour Loura. 

QUALITT OF STEAM. 
The mean of twenty-one tests for dryness! of steam, made by calorimeter, show the 
steam to be 100 per cent dry, or just at the point of saturation. 

Hiese tests were made with a barrel calorimeter, and great care was taken in read- 
ing the weights and temperatures. 

This work ia always liable to error by the leaM variation or imperfect working of 
the scalea and thermometer used. 

The water coudensed in sli'am pipe was trapped at a point before it reached the 
calorimeter, and run into a barrel, where It waa weighed. 

The water thus collected amounted to 11,004 pounds, or LOW per cent, of the entire 
■water furnished to tLe boilers. 

CALCULATED DATA. 

A — Pounds of water weighed to boilers 1,014^78.5 

B— Eicess of water in boilers at end of test (in pound*) 1,358. 

C — Condensed water from steam pipe (in pounds) 11,094. 

D — Steam used in calorimeter (in pounds) 355.5 

E— Total flleam used by engine A— (B4-C-|-D)= 1,001,676. 

F — Steam pressure, in pounds (gauge) 78.90 

<1— Vacuum in inches 25.88 

H— Water pressure, in pounds (gauge) 103.78 

1— Equivalent head, in feet 287.81 

J — Center of gauge to surface of water In wet well, in feet 31.5 

K— ToUl head, in feetI-+-J = 3«8.71 

L — Temperatureof air pump overflow 111.9" F. 

M— Temperature of feed. 50.9" F. 

N— U. S. gallons of water used in boilers 121,610. 

O— Foot-pounds of work done by feedpumps... 180,670,079.5 

p — Steam in pounds, raised from 50.S'' F. to 80 pounds, equal to heat 

imparted to feed woler by condenser, etc 53,245. 

Q— Barometer 80,08 
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HESERVom DATA. 

R— Depth of water in reBervoir st begioning of teat (eel ITJj U. 

S— Deptli of water in reBerfoit at and of test 31 feet J(la. 

T— U. S. gallons of water In reaervoir at beginning of test 2^7t,Hn.W 

U— U. 8. gallons of water in reaerroir at end of test 50^13.T30.U 

V— U. S. gallons of water delivered duHng test U— T= 48,579,670.50 

W— Leakage of rBserroir and pipe Una during lest (gallons) 1,222,970. 

X— Rainfall during tlie test (3. 1 1) 117 .WT. 

Z— Total U. B. gaUona pumped (V+W+N)— 5 = :... 49.778,889.5 

»— Weight of one U. S. gallon, in pounds 8. Si 

CAPACITr. 

Teat started. February a7th. 3.30 p. M. 

Test ended, March 3d, 11.33 p. M, 

Duration of test, 4 dajs, 3 bours. S3 minutes. 

Total gallons pumped during test 40,776^89. 

QaUons pumped each 24 hours 11,385.538. 

The engine was stopped from 6 A. M. until 8 A. M, on Mareli 3d, (or want of coiL 
No allowance was made for this elthor in time or (or the jacket water used while 
engine was stopped. 

LOSS BY SLIP. 

Engine counter at end of test l.OOl.lOfl, 

Engine counter at beginning of test 91S,M7. 

Revolutions during test 86,149. 

RevolntiooB per minute IS.M-f 

U. S. gallons per revolution S94.St 

Gallons pumped by displacement 50,7Il,2iO,U 

Total gallons pumped 49,776,688.1 

Loss or Blip 934,680.54 

Percent. o( Blip..., l.W 

DUTY. 
With an evaporation of 800 pounds o( water for each 100 pounds of coal connmed. 
Gonsidering only the water actoally delivered in reservoir, with no allowanM forliat 

age or water used in boilers, and assuming that the entire quantity of water evipoR- 
tion was furnlBlied as steam to the engine, the duty would be 

— \^ ^ X»Oii — 85,975,130 foot-pounds. 

In order to And the duty to which the engine ia truly entitled, it ahonld be credlud 
with all the wateTpumped(Z),Bl9o with the work done by feed pumps (O) and the beat 
imparled to the feed water (P). The duty would then be 

'^-^-^-—^ X 800 = 94,388,536 fooUpounds, 

It is now enslomarj to represent the duty of pumping engines in foot-poaada for 
each 100 pounds of coal consumed, baaed on an evaporation of ten pounds of water (or 
each pound of coal consumed. 

The duly of this engine is therefore given based on an evaporation of tea to on« 
that ll can be compared with other engines liased on a like evaporation, 

' ^''e — P^^" X 1,000 = 117.829.420 foot-pounds duty, 
based on an evaporation of 10 lo 1. 





BOILERS. 

A. batlerr of three boilera of tLe following description was used during tLa testa . 

Length of )>oilers 18 feet. 

Diameter of boilers 60 inches. 

Kamber of tul>eB in each 09 

Diameter of tubes , 4 Inches. 

Heating surface, aqaare feet, each boiler 1,34S. 

Diameter of Bleam pipe 10 inaliea. 

Length of eteam pipe lOO feet. 

"eighl of stack 125 feet, 

Diameter of Black (round) 78 inohe*. 

Urate sarface, each boiler, square feel 24!^. 

The Betting is pUin ; the steam pipes and domes were well covered ; the tops of 
boilers, kowerer, have not yet been covertid. 



DDTY OF ENGINE AND I 

Pounds of coal used 154,438. 

TempenitUfe of teed water .' 50.0° F. 

Bleani pressure, bj gauge 82 . 

Pounds of water tvapora ted 1,013,025,6 

Pounds of water evaporated for each pound of coal (actual) Q.GS 

EquiTBlBDt evBjmraiion from and at 312" F 7. SB 

Pouada of aslies taken from furnace 28,G8S. 

Percent, of t§hos in conl 16.3 

Pounds of water evaporated for each pound of combustible 7.74 

Equivalent evaporation from each pound of combustible from and at 

212" F 8.31 

Duty in foot-pounds for each 100 lbs. consumed 

154;43a X '« - 73,328,903. 

Daring the test the water in the wet well was 46 feet above low water, but as tlie 
engine was only accrediiud with a liead roBBsared from the Bur/ace of water in wet well 
to the surface of water in reservoir, this did not ailed the determination of the duty. 
The capacity depended entirely on the number of revolutionB the engine miuiB, whether 
the river la high or low 

Very respectfully. 

OEOROE BEYER. 
Superintendent of Water WorlcH. 
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Ofvicb op W. T. Brooke, dty Engineer, 
Bank Street and dlj H>11 AvenD*, 
Norfolk, Va., Aagnst 0. 18H, 
To the Board of Strttl, Setcer and Drain Commimontra, Jf<yrfolk. Va. : 

Qbntlehen — The H0II7 Manutscluring Cotopany, who Lave a contract with tk« 
city for erecting a newer pomp liere, liaving completed the same, are desiraul «f 
turning it over to the city. Owing to tlie tact Ih.il the quantity of aewagj Xa Iw 
pumped la a vsrylog one and tLat the amouot neceaBsry to make a duly trial bi tiu 
engine cannot be furoiahed to tlie pumps and conaequently the reijulsite head ' 
agtinat cannot be obtained, we are unable to give the 



t be obtained, 
lud I have been 
capacity and general workii 
the well and re-pamp«d, an 



I duty trill 
almply make a rnanlDg trial of the engine In 
To do this even the sewage has had to be returned lA 
1 condition resultB in a continued churning of tk) 



more eoltd depoEita in the bottom of the well, we necensaiily have hesitated rnnsisf 
the engine under such conditions any longer than abHolutely necessary. 

Under the above circumslBDcea we started the inspection at 10.2S x.. 11. thl) (on- 
QooQ, and completed It at 1 P. u,, running the engine for two Loura and thlrty-foar 
minutes. The number of revolutions made in that time were S.TSO; the ctpadtf 
(gross) of the pumps per revolution is 2D?.S04 gallons, or deducting 8 per eenl. il 
accordance with the specifications (net) 303.62H gallons, which, maltipllad hf tht 
number of revolutions, gives, as having been pumped in the time specified aborl. 
759,855 gallons, or the rste of 403-1.13337 gallons per minute. 

At the above rate the pumps would deliver 7,105,137.0 gallons per diem, but H 
the pistons were making more travel than called for by the specificationa this amotul 
has been reduced to the proper piston speed, viz., 120 feet per minute, or 24 revolBUM* 
of the crank, which Is the same thing. Reallr the revolutions during the period of 
trial show an average of 24. 3G per minute, and the reduction at the dellrer^ to nrlt 
what the speeiflcations call (or, shows a capacity of 7.003,010 gallooa per diem, » 
that it is clear that the capacity o( the pump is in accordance with the reqniie- 
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Daring the working the engine moved smoothlj and eveiy part seemed to perform 
its proper functions satiafactorilj. The steam presenre shown bj the gauge on the 
engine ayeraged 64 pounds, and the yaeaum gaoge 88)^ inches. This latter is not as 
good a yacanm as I wonld like for the condenser to show, bat I think it is partly 
etosed bj the high tempeiatore of the injection water, which will decrease later on* 
This can onlj be determined certainlj when the temperature of the injection is reduced 
to 60^ or less. It maj be said, however, in this connection, that all gauges are more or 
less uncertain, and this is rather indicated in this case from the fact that an indicator 
card taken from the low pressure cylinder shows an effectiye yacanm of 12 pounds. 

This would tend to show that the vacuum gauge was wrong and that it should have 
read about 24}{ inches, which is as good probably as could be expected under the 
circumstances. 

The indicator diagrams show for themselves. They are almost theoretically perfect 
and scarcely to be improved on. They are on file at this office and can be inspected at 
any time. 

Altogether I think the engine is ready for acceptance and recommend that it be 
received by your Board and the final settlement made with the contractors. 

Very respectfully. 

W. T. BROOKE, 

City Eng^eer. 
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KEPORT OF 

LOUIS H. KNAPP, Engineer and Supekintendest BtryFAio CfeflF ' 
Water Wokks, and FRAKE W. HOLLY, Engineer and 6bpk» 

INTENDENT HoLLT MaKLTACTCKING ComPAUT. 



DUTY AND CAPACITY TRIALS OASKILL COMPOnND PUMPING KNGDU. 

Buffalo, N. Y., Water Wohks, Oolober 2S, 18M. 
7b the Bonorablt Board of Water Commisnonen of the City of Bafato—lMUia P. 
BsicBKRT, Jaubr Ktah and S. K. Wortbikqtok : 

OrnTLEUBS — We Lave the lionor to report to jou upon tlie performance of ibf 
GiBkiJl Compound Pumping Eogine recently erected in lUe new addition to jour lower 
pump house b; the Holly Manufacturing Coiupaoy of Lockport, N. Y..as follows: 

Ths en^ne la the horizontal beam rotative type, compound coudenBiog, and is pnn- 
tlcBlly two independent and ouuiplete engines coupled witli ciaska at qoaners upon ilie 
aliaft, niih one Sy-wheel common to both. 

The high pressure Btvam cylindera are placed above and parallel with the low-prH- 
aure ateam cjlinderB, with their pistons moving in opposite directions, 

E^ck half of the engine contains one high-pressure steam ojUnder, oo« low- 
pressure steam cylinder and one double-aollng plunger pump, with central puk»d 

The steam cylinders are jaclleted sides and heads. 

The pumps are in line with the lowpreaaure cylinders, with stiff connection 
between the tow pressure piston and the plunger. The housings which support ibe 
engine beams are placed between the pump and steam cyliudera, with the bearings loi 
beam centers midway between the center line cf high and low-pressure steam cylinden. 

The upper pins of the engine beams are connected bj means of short linki to tLi' 
piuB of the cross heads of the high-pressure pisluns. and the lower pins of the beRis 
are similarly connected to the pins of th? croBsheads of the low.presaare pisloDs. 

The power developed in the hlgh-prcsBure cylluiiers is transmitted through llis 
engfine beams lo the pump plungers, snd the power developed in the low-pressure 
cylinders is transmitted to the pump plungers direct Ihrongh stiff conneotions. 

The upper end or the beams is also connected with tlie fly-wheel shaft through snll- 
able connecting rods, the pedestal of which rests on top of the pump deliver; chunhar. 
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The high-prei0are inlet TalTes are doable-beat poppets, operated bj a'* drop" 
eat^ff adjustable bj hand. The low-pressnre steam inlet valves which are also the 
high-pressare exhaust yalvet, and the low-pressnre exhaust valves are multi-ported or 
''gridiron" slides, worked bj eccentrics from a laj-shaft lying alongside the high- 
pressure cjlindeis and driven bj means of gearing attached to the fly-wheel hub. 

PRINCIPAL DIMENSIONS OF ENGINE. 

Diameter of H. P. cylinders 86 inches. 

Diameter of L. P. cylinders 72 inches. 

Diameter of fi. P. piston rods 5 inches. 

Diameter of L. P. piston rods 5^ inches. 

Stroke of each piston 48 inches. 

Clearance of H. P. cylinder 8 per cent. 

Clearance of L. P. cylinder 2.5 per cent. 

Diameter of pump plungers 88 inches. 

Stroke of pump plungers 48 inches. 

Diameter of plunger rods 6 inches. 

BEAMS, CRANKS, SHAFTS AND FLY-WHEELS. 

Center to center beam pins 6 feet 8^ inches. 

Beam shaft, diameter at beam 14 inches. 

Beam shaft, diameter at bearings 12 inches. 

Cross-head pins, H. P. and L. P., diameter 1% inches. 

Cross-head pins, lower and upper, diameter 75!^ inches. 

Crank pins (2) 9>iX 12 J^ inches. 

Crank shaft, diameter at fly-wheel 17)^ inches. 

Crank shaft, diameter at bearings 16 inches. 

Fly-wheel, diameter 23 feet 4 inches. 

Fly-wheel, weight, tons 81 

CONDENSER AND AIR PUMPS. 

Condensers, style Jet. 

Condensers, number 2 

Condensers, diameter, inches 54 

Condensers, deep, inches 80 

Air pumps, style Single-acting. 

Air pumps, number 4 

Air pumps, diameter, inches 24 

Air pumps, stroke, inches 25. 5 

FEED PUMPS. 

Feed pumps, styla Single-acting. 

Feed pumps, number 4 

Feed pumps, diameter, inches 6 

Feed pumps, stroke, inches 10. 5 

STEAM PIPES. 

Steam pipe to engines 10 inches. 

Exhaust pipe to condenser 14 inches. 
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Uain BnctioQ pipe, diameter, iQChes 36 

BuctloQ pipe, each pump, diameter. Inciied 30 

Uata dlschar^ pipe, diameter. Inches 36 

DiHcbsrge pipe, each pump, inchea 30 

Pump vaires, sets to each pump 4 

Pump valves, number, suction set 30fl 

Pump valves, aumber, discharge set 288 

Pump valTea, total one pump 1188 

Batio area througli suction valve seats to area ol plunger, per cent.. 36.4 I 

BOILERS. 

The boilers lire the horizontal return tubular type, erected in brick setting, tin 
smoke being carrit-d under tbe boilers through the tubes and back over the lop W 
■moke stack. The^ were furnished and set hy the Citj of Buffalo, independent ot thi 
the pumping engine furnished b; the Holly Manufacturing Company. 

DlUBNBIONB OF BOILBRS. 

Number of boilers 4 

Diameter of shell 06 inchea. 

Length of shell . 16 feet. 

Number of tubes 66 

Diameter of tubes 4 inchaa. 

Length of tubes 18 feet. 

Grat« surface 38 sqnanfwt. 

fieatiog surface in boiler 1196 square fed. 

Ratio of heating surface to grate surface 38. 24 

Chimney (8 X 8 feet square), cross section 84 square fe«i 

Chimney, height 127 (eet. 

DDTY TBIAL. 

The contract requires that the engine shall develop a duty of lOS.OOOJXN foH- 
pounds for every 100 pounds of coal consumed under the boilers, and shall be compnud 
by the formula mentioned below. 

The trial (or duty commenced at 10.00 a. m. , October 3SHb and ended at 10.00 r. t.. 
October 39th. During this trial, at intervals of fifteen minutes, readings were takgnof 
the revolution counter, steam, vacuum and water pressure gauges on engine, ]ickM 
pressure gauge, distance center water pressure gauge to water in pump-well. In enpM 
room, and steam gauges and water levels on boilers were read every fifteen minutes. 

The temperature of feed water, overflow from condenser, injection water, all il 
engine room, bolter room and atmosphere mad. barometer were read every tUrtj 

Average water pressure by gauge 82.286 poundi. 

Average height center of water pressure gauge above water in pump 

well 26,836 feet. 

Average steam pressure gauge on engine 91. BO poundft 

Average steam pressure gauge on engine, corrected for water 

column 69.18 poandi. 

Average vacuum by gauge ' 26.08 inehei. 

Average vacuum by gauge 12.808 pomdl. 
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4i«f»go baromeiM 89.778 lneb«s. 

lmtg« baromewr _ 14.1S7 pounda. 

Arcnge lewpemureof feed wkMr 184.33" P. 

Aronige tPBippratare of ovorSow 98.88" F. 

ivpngfl Inereue in tempemture of feed witt«r by uUition of juket i 

water 84.44° P. 

AieragB temperataro of inJKCtiou w»tBr M.flS"* F. 

iTerage temppMtnre of air, engine room 78.32'* F. ] 

ATDTBge temperature o(air. bailer room 66.88" F. 

iyenge temp* rat nro of almosphere 45.00" F. 

Atentgft steam preaaure, boilera, corrected 99.841 poands. 

Total rerolutioaa 10,438 

Total coal consuiDed 18,500 poonds. 

Total asb weighed l.OUS pouoda. 

Percentage of Doa-eombiutible 8.11 

Water pressore bj gauge 68.866 pouods. 

IMaUtnee cBDter of gauge to water in well 11.408 poanda. 

Frictional reslataoce through pumps (as per contract) 1.00 poand. 

Total head pumped againat 94.694 pounds. 

Mid D= ■ = in which 1 

D = Duty in foot-poDuds per 100 pounds of coaJ. ■ 

A = Aggregate area of pump plungers = 9230.986. ^^^^^H 

P = Pressure per square inch of pump plnngera = 94.694. ^^^^^H 

[4 = Camber of revoiutioDa or double atiokea of eogioe = 10,438. ^^^^| 

S = Stroke of tmth pump plungers = 4 feet. ^^^^^ 

C = Poaoda of coal consumed uuder boilers ~ 13,500, n 
than, 

P_ 800X8839.986X94.694X10433X4 igj i20,226.9 

foot-poanda per 100 pounds of coal. 

Anddatjr per 100 pounds of combustible 142.693,594.8 foot-pounds. 

Duly guaranteed on coal 105,000,000.0 foot-pounds. 

BitcBB, actuiil dutj over guarantee 26,120,226.9 foot-pounda. 

Daly of Bteaio end pet 100 pounds of coal 140.336,009 

DATA FKOM DlAOBAMS. 

liaan effective pressure, left H. P. c;iiader, front 61.00 pounds. 

Mean effective pressure, left H. P. cjliader, back 60.40 pounda. 

Mean eSective preaaure, right H. P. cylinder, front 58.985 pounds. 

Mean effective pressure, right H. P. cylinder, back 50.835 pounds. 

Mean effective pressure, |pft L. P. cylinder, front 18.853 pounds. 

Ileaa elTectWe pressure, left L. P. cylinder, back 13.860 pounds. 

Ucu elective pressure, ri^-ht L. P. cylinder, front 18.48S pounda. 

lle«a effective pressnre, right L. F. cylinder, back 13.593 pounds. 

Avarage Initial pressure, left U. P. si atmosphere 90.83 pounds. 

Avera^ Initial pressure, rtglit H. P. at atmosphere 88.93 pounds. 

A^ttg« terminal pressure, left H. P. at Btmoapbere 26.75 pounds. 

A TsragD terminal pressure, right H. P. at atmoepUere ... 23.08 pounds. 
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Avenge luitlal preeaare, left L. P. at almoBphere 15.83 pounds 

Average initial presBure, right L. F. at atmoBpbere. 15.0(1 pnondi. 

Average term IdbI pressure, left h. P. absolute 9.00 pound). 

Average lermiDal prossure, right L. P. absolute 8.90 poandi. 

EBecti vo vacu urn 12.000 ponndi. 

Horse- po we r dev a loped 787. 

Coal perl. H. P. per hour 1.411 

Duty per 100 pouuda of coal, steam end 140,320,009 loot-ponodi. 

Total moment, Bt earn etid 220.814 pounds. 

Total moment, water end 212,107.0 ponndt. 

Percentage of useful eflect realised in work of parop 93.51 

Loss between steum and water end .. . 0.49 percenL 

Eipansipn by volumss , 11 . 178 

Expansion by pressarea 11.563 

Decimal of cut-off, H. P. cylinders 0.3540 

The diameter of plungers was meaBured and was foond to be 38 inches ; the lengtli 
of stroke was determined by measurement to be 48 inches, Diaiueter of pump ploDgsf 
rod is G inches. 

The coal burned was an eicellent quality anthracite, and was taken directly fWB 
tlie coal bunkers of the boiler-house without being hand-picked or otherwise sssortsd, 
and was the same as used in ordinary service at the water works. 

The coal was accurately weighed, in uniform charges of 500 pounds, to the boilan. 

One hour before the beginning of test the firea were cleaned, and one hour beCor* 
the end of lest the Ores were again cleaned, and ware in ms good ooodiUon at Ntd 
as at beginning of test. 

CAPACITY TEST, 
Shortly after the' termination of the duty trial the lest for capacity was begun. 
The contract formula for capacity is as follows : 
y = 145.122 X AXSX S, 
A = Sum of effective area of botli plungers. 
N = Mean number of revolutions per minute, 
S = Stroke of pumps in feet. 
In the fott^ing formula three per cent, is allowed for slip or the possible ImpeifWl 
suing of tha pumps. 

ReadJnf!8 were taken every fifteen minotea and the following averages wereobtaiacdi 

Head pumped against, calculated by contract requirements B5.3T ponndi. 

Hevolullons per minute 10.90 

g = 145.123 X323U.02«X 10.26x4 = 21,129.006.18. 
If figured from plunger displacement the capacity would be 31,782^341.4. 
Capacity required by contract. 20,000,000 gallons per 24 hours. 
Excess, on teat, over contract requirements, 1,783,541.4, or about 6,0 per cent. 
At the end of the teat all bearings were found to be perfectly cool, the operttioB 
satisfaclory, and the contract seems to have been more than fulSlled. 
Beapecttully submitted. 

LUUIS H. KNAPP, 
Supurlutendeul and Engineer BuRalo Water Works. 

FRANK W. HOLLY. 
Engineer and Superintendent Holly Manufacturing Co. 
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SCHKNECTADT, N. T,, October 20, ] 
Hon. E. M. Jkkkiitb, Prmidenl Beard of Water CommiMtoneri : 

Sib — In compli«nce with your request, I have mule a daty trial of the No. 5 Qkakill 
Pumping Engine, furnialiod bj the Holly Maaafacturing Company ot Lockport, N. Y., 
and DOW ruaniDg at the pumping station io tliia city. I have the honor ta aubmlt here- 
with my report of the same, trunting it will meet with your approval, I coogratultte 
you npoD the posseBHloD of a pumpltig eoglne which haa developed such a high degree 
of economy, and one which its service and trial have fully demonatrated to be 
uti«qua1ed In operation, workmanship aod Enlsh. 

Frequent examinatioDtt were made of the machioery of the engine daring the Uial. 
and at the close none of the beariogs were heated ; sad with the exception of a RlighC 
pound in the pumps, due to some imperfect materials in the valves — and which there 
was no opportunity to remedy previous to the trial — the running of the engine waa 
eminently aatlsfactory. 

I do not hesitate to reoommend the acceptance of the engine on the part of your 
Board, aa it has more yian fulfilled all the terms of the contract. 

THE TEST. 

J believe the trial to have been conducted in accordance with the wnitsof the con- 
tiBCt, ■□ extract from which, relating to the trial, 1 give as follows : 

" It la agreed that within one month after the completion o( the engine ready for 
service, duly and capacity trials of such engine shall be made, by or unaer the direction 
of the engineer, or other expert designated by the Water CommlsaionerB, and at the 
expense of the parly of the lirat part; the said trials to be made and the duty and 
capacity of the engine to be computed, ai gpeciSed in ihe annexed general speciScatloD, 
or in this contract. During the test the contract ((uaniity of water and the piston 
■peed, aa indicated, shall not be unnecessarily exceeded, and the water pressure will be 
BS pounds per stjuare inch, as indicated by a gauge attached to the main in the engine 
room, ivlth an allowance of one pound for friction in the pumps. 

"The duty will be calculated from the jjlunger displacement, the number of strokes 
and the pressure given by the ^uges, with the suction lift added. A deduction of 2<^ 
per cent, will be made for slip. In this lest good, merchantable, anthracite coal will 
be used, to be furnished by the Water Commissioners, but may be selected by the con 
tractor, but not hand-picked. In making this test, the fires shall, at the beginning at 
the teal, be In their normal condition with one furnace ready for firing, the other 
f uroace having been previously fired, in their proper order and at proper intervals of 
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from 20 to 30 mlnuleH reapectlvelj. ReasoDabl; uDifonn interrkls Bhall b« obwmd 
in tlie Bring througliout tbe teat ; Bad at its coDcluaion th« fires ahall be in tlie (um 
condition aa to thickneaB aod degree of exliauation as at tlie beginning. " 

The contract farther ptovldee tbat "the engine shall deliver 4,000.000 gallouot 
water in 34 hours, with a preasure in engine room of 85 pounds per square ineb. tta 
piston speed not to exceed ISQ feet per minute, and to show a duty of 100,000,000 
foot-pounds for each 100 pounds of coal consumed." 

Tbe trial commenced at 11 A. is., October Ttb. and terminated at 11 A.M.. October Sth, 
an uninterrupted period of 34 hours. The runoing of the engine was under the anpei- 
rision of Mr. Charles Anderson, the representative of tbe Hoilj Man u facta rinf Co, 
The required capacity vaa obtained by opening a 4 inch blow-off and further regoltted 
by tbe use of the hydrant oppoaite the pumping station. 

The coal used was fair anthracite coal, furnished by the D. L.. ft W, B. B. Co,, for 
general use. Stated observations were made every half hour. In the engine room 
the Bteam pressure, water preasuTe, vacuum, revolutions, steam jacket pressum, 
temperatare of the overflow, and of the engine room, were noted, in the boiler room 
were observed the aceam pressure, height of water in the boilers, reading of thi 
meter record, temperature of the feed water, and of the water in tbe diacharge mail, 
and temiierature of the room. Observatlone were made of the temperature of A» 
external air and the height of the barometer. 

Tbe Area were brought to a normal condition at the commencement of the trial aad 
cloaely maintBined at that fKiint throughout, being left in that condition at the eloMi 
The boilers uaed for the trial were Nob. 3 and 4. each having been in service sevaal 
years. Ttie boilers were Bred alternately, the amount of coal at each firing averagigf 
about 150 pounds. The coal was accurately weighed and brought to tbe boilerroom 
in loada of SOO pounds, Aa soon as each full load was charged to the l?oilen, th 
amount of each was entered In the log. The firing was done at reaaonablj nnlfW 
periods, except at the middle of the trial, when a larger amount was charged, owingM 
the fires being thoroughly cleaned at that time. 

The furnaces ere provided with the Rogers Rocking Orate, and were lightly shakM 
At three perioda. aaide from tbe general cleanlug mentioned above. At the commeaet- 
ment the ash pit doorK were opened and remained bo throughout the trial. The remuk- 
ably uniform steam pressure ia chiefly due to the Bowker <& Tripp Draft RegiUatot 
Attached lo tbe amoke flue. This was weighted to maintain the given prraaure, ui 
the maximum variation during the trial waa but one pound. 

After the conclualon of the test, experiments were made to ascertain the oorrecfiia 
for reading the feed-water meter. Allowance was made tor the water column on At 
■team gauges at the boilers, and all gaugea used were tested and proper corrsctlaM 
were made accordingly. A subsequent test was made to determine the tempeiatotf 
and tbe amount of water discharged from the steam jackets. The jacket water is nul 
directly to one of the four feed pumps wliich are operated by the machinery of tfa) 
engine, and discharged into the feed pipe; the remainder of the feed water la takei 
from tbe orerfiow from the coadensers and pumped through the meter, and into tlie 
boiler without the use of a heater. An account of all feed water wasted was kept and 
proper deduclious made. Tbe aah pits were thoroughly cleaned previous to the ooia- 
mencement, and again at the close of the trial, giving an accurate amount of tbe noiu 
combuatible portion of the fuel. Numerous indicator cards were taken during tlw 
trial, and they show an almost perfect distribution of steam, which ia one of thamHf 
commendable features in the design of the engine. 

According to the terms of the contract an allowance of 2^ per cent, for slip mt 
stipulated. To this Mr. Anderson objected, and 1 ihiuli with just cause, aa the plung 
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'snd TiugB are in excellent order, and tlils auounl seems to be in eic«BB of the arersge 
'leeults obtained for thia size of engine. It was Bnally agreed upon to allow 3 per cent. 
Ffo the calcnlatioDB for capncitf Bod dutj. 

Tlie general obBervationa were made by meniberB o( ilie scientific claes in Union 
iCollege, under tbe direction of Prof. Brown, to whom also I am indebted (or his interest 
:^■Mntte8ted, and material assistance rendered. The boilers were Bred by the regular 
'SrEmen employed at the pumping station, to whose careful firing ia largelj due the 
tmcceaa of the test. Acknowledgment ia due to Chief Engineer Holly and his asslstaals 
[(or their caref ill management during the teat ; and to all who in llie least contributed 
jlowarde making this trial one of notable mention. 

Appended hereto are the log of the trial, a brieT description of the engine and 
boilers, and tables of the general data and results, which 1 have prepared in as coneiK 
^a tnaoaer as practicable. 

> DeeiriQg to thank jou (or your attentions during the trial, I am 
I Tours most respectfully, 

1 R. M. QIFFORD 

GENERAL DESCBIPTION OF ENGINE AND BOILERS. 

vDUmeter of high-presanre cylinders 18 inches. 

tSiameterof low-pressure cylinders 36 iueliM. 

'iIKameter of pump plungers 17 inches. 

|. Stroke of both steam pistona and pump plangeri 83 Inches. 

ajiameterof H, P. piston rods, steel 2fi inches. 

'iHameterof L. P. piston rods, steel 8^ inches. 

fJHameter of pump-plunger roda 3^ inches. 

'Siaoieter of crank shart inches. 

jCiank pins, ateel, diameter X length i% inches X G^^ inches. 

llMameter of fly-wheel 13 (eet i inches. 

^Croae-heada of caat iron with steel pins 

'iSnmber of air pumpa (single acting) 4 

ji^umpafiued with "Troy" Valves 

I;9team cylinders jacketed throughout, fed with liva steam from 
the boilers , 

Snmber of l>oiler8 (plain tubular] S 

■jHameter of shell 80 inches. 

lUngth of shell 10 feeL 

^bickness of plates in shell (iron) ^ luck 

in^tckness o( heads }j inch. 

l,Onedome3' B'diamalef 8' 7* high, plate 5-10" thick 

Womber of tubes M 

jSiatneter of tubes 33^ inchea. 

'iFire grate, length X width 5 feet X 6 feet 'i inches. 

^Area at grate surface 20.20 square test. 

fotal heating surface (about] lOGO square (eet. 

oof healing surface to grate surface 40.38 vol 

Joilers are set to carry the product! of combustion back under the boilers from 
(ihe furnace; tbeuce forward through the flues and bank over the top of Ibe boilers 
'■0 the smoke pipe. 

The engines are designed and built for 5.000,000 gallons capacity, excepting the 
.plungers, which are 17* diameier, reducing the capaoity to 4.000,000 gallona, with the 
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ume presaurea and piston speed u for .^.000,000 gsllaaa. As the dem»ad lot a 
ioereaaed Bupplf ariies. tbe larger, or IQ" pluDgers maj be placed in poaition wilh but 
little trouble. Tlia same duty la guaranteed for Che engine with tbe larger plongin 

aa at piesent. 

AVEB40ES AND TOTALS OF DATA FOR TRIAL. 

Duration of trial, hours M. 

Number of obaorvations ii. 

Number of revolutions in 34 hours 3T^. 

Number revolutions per minute 3$. 

Piston speed in feet per minute 138.1 

AverBga steam pressure at engine, pounds 61. t 

Arerage steam pressure at boilers, ponnds 64.6 

Average vacuum, inches 88. SI 

Average temperature of injection, Fahr 58,1 

Average temperature of overllow, Fahr 100. 

Average temperature of feed water, Fahr ISO.B 

Average pressure of ateam in steam jackets, pounds 84. S 

Average pressure on diacliarge main in engine room per gauge, ponnda. . 6S.<U 

Average pressure on discharge main in engine room pBrg»age,in feet.. 196.27 

Distance from center of g«.uge to river level. In feet 33.50 

AHownnce for friction in pumps, feet 2.30 

Totalheadagainst pumps, feet 323. OJ 

Discharge of pumps per revolution, gallons (calculated) 133. tlS 

Percentage of slip in pumpa (assumed) i. 

Net discbnrge of pumpa per revDlutioa,gnll(>as(»]i;uUt«d} ,,. lW,Vi 

Average temperature of water discharged, Fabr 58.1 

Weight per gallon of water discharged nt 68.1 Fahr 8.335 

Dellver7 as per contract in 24 hours, gallons 4,000,000, 

Calculated net delivery in 34 hours, gallons 4,497,057. 

Bicess over guarantee, percent 13.4 

Average temperature of steam jacket water discharged, Fahr .311 

Amount of steam jacket water discharged, pounds 3.454. 

Total amount of water pumped through meter, cubic feet 1,088. 

Li^BS amount of water wasted, pounds 360, 

Weight of one cubic foot of water at 125" (at meter), pounds Kl.Gl 

Amount of feed water to boilers, pounds 66,671.6 

Total pounds of coal consumed 6.756, 

Total .pounds of asties and clinkera 846. 

Total pounds of combustible 6,410, 

Percentage aabtis and clinkera In coal 6,1 

Pounds of water evaporated per pound of coal S.8 

Pounds of water evaporated per pound of combustible 10.4 

Pounds of water evaporated per pound of coat from and at 312° 10.7 

Average height of water above center of boilers. Inches , . I7.S3S 

Area of grate service in 3 boilers, square feet. 52.5 

Average amount of coal per hour, pounds 28 1.5 

Average amount of coal per hour per square foot of grate area 5.3 

Indicated horse power H, P. cylinders IQ1.39 

Indicated horse power L. P. cylinders 84. US 

Total indicated horse power of Bteam cylinders . 185.3ft 
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Indicated horse power of pumps 175. 45 

Average amount of coal burned per H. P. per hour, pounds 1 .52 

Average amount of water evaporated per H. P. per hour, pounds 14.0 

Duty calculated from the steam cylinder cards for 100 pounds coal ..... 180,416,844. 
Datj calculated from the steam cylinder cards for 100 lbs. combustible. 187,419,681. 

The indicated horse power of the pump indicator cards is 94.6 per cent, of the 
indicated horse power of the steam cylinders, leaving 5.8 per cent, to overcome the 
friction of engine and to operate the air and feed pumps. 

Average point of cut-off in H. P. cylinder, inches 8.70 

Clearance, inches .56 

Total length of stroke to point of cut-off, inches 9.26 

Total volume, period of admission, cubic feet 208,642.4 

Equivalent weight of steam, pounds 46,887. 

Weight of feed water, pounds 68,215. 

During the period of admission, then, there were 16,877 pounds of water, or 25.9 
per cent, of the total steam and water which entered the cylinder, leaving 741 per cent, 
of the steam accounted for at the point of cut-off. 

CALCULATIONS FOR CAPACITY. 

Number of revolutions in 24 hours 87,884. 

Area of I?'* plungers, square inches 226.981 

^ area of Sf^" rod, square inches 5.160 

Mean area of plunger, square inches 221 .821 

Stroke of plungers, inches 82. 

Displacement of pumps per revolution in cubic in., 4 X 32 X 221.831 = 28,893.088 

Cubic inches in one gallon 281 . 

Total gallons per revolution = ?^|??:2??= 122.918. 

Total gallons in 24 hours, 122.913 X 87.334 = 4.588,833.94 

Less 2 per cent, for slip. 91,776.07 

Net capacity in 24 hours, gallons 4,497,057.27 

Or over 12 per cent, more than guaranteed capacity. 

CALCULATIONS FOR DUTY. 

ToUl number of gallons in 24 hours (G.) 4,688,888.94 

Weight of one gallon of water at 58.1° Fahr. ( W.) 8.335 

Total head against pumps, in feet (H.) 222.07 

Total amount of coal consumed in 24 hours, pounds (C.) 6,756. 

Total amount combustible in coal, pounds 6,410. 

O W H 

- ^ 4.588.833.94X8.335X22'3.07X100 .ok'^qi iaa 

Duty = TTT^u = 125,731,106. 

o, <50 

C 

Less 2 per cent, for slip 2,514,422 . 

Net duty for 24 hours, foot pounds 123,206,684. 

Or over 23 per cent, more than guaranteed duty of 100,000,000. 

Duty calculated on 6,410 pounds combustible matter 132,507,300. 

Less 2 per cent, for slip • 2,650,146. 

Net duty for combustible, foot-pounds 129,857,154. 

Or the work of raising 129,857,154 pounds of water 1 foot high with 100 pounds of 
combustible consumed. 



LOG OK TBIAL— EHCIHE8. 




622C07 




823353 


84.8 


634144 


26.4 


Q34«35 


ee. 


625711 


26.2 


020503 


26.3 


627206 


26.4 


G2908S 


25.7 




20.6 




25.1 


630356 


25.5 


631132 


25-8 


681891 


25.9 




25.1 


033386 


24.7 


634145 


25,3 


634S03 


24.0 



838743 


3fi,4 


S39532 


20.3 


640315 


30.1 




26.5 


Miseo 


35.9 


642675 


20.3 


048400 


26.1 


044233 


35.7 


645012 


35. D 


6457BG 


20.1 


646570 


26.0 


647351 


25.8 


04S12S 




64Re05 


25.0 


8490B0 


26. 


650455 


25.6 


651266 


26.7 


653038 


36.1 


652824 


26.2 


053617 


36.4 




26.8 


655173 


25.6 


055BT0 


26.0 


ft'>6763 




057565 


36.7 


65B341 


25.8 


609143 


26.7 


esSD41 


30.6 



I Brttu: VAcrua. 



28.25 
28.25 
28.25 

38.26 
28.37 
28.87 




r 


SCHENECTADY, N. T. 




243 V 


• 1 

LOO OP TRUL-PUMPH ■ 


^^ 




! C»,„., 








W*TKB 


-V «.„<A». 


TOTiL HllD 








IK PlIT. 




wT 




iRirraLtvn.. 




m™ w«„. 


11,00 A. u. 


SB 


IBfl.tS i 23.50 


319.68 


00 


11.80 




190.18 1 23.50 


219.68 


60 


19. 


sn 


198. 1!< ; 23.50 


819.68 


60 


12.30 P. H. 


fS 


1V6-18 


33,60 


819.08 


00 




85 


198-18 


98. M 


319-68 


60 


ISO 


83 


isa.18 


28.50 


819.68 


60 


3. 


83 


106-18 


33.50 


310.08 


00 


2.30 


85 


190.18 


23. OU 


310 08 


80 


3, 


85 


1M.18 ; 38.50 


210,08 


60 


3.30 


85 


100.18 1 23-50 


210.08 


BO 




8-1 


iflrt.18 23.50 


219,08 


60 


J. 30 


85 


I9I(.18 33 60 


210,08 


80 


5. 


an 


190.18 24.50 


310,68 


60 


6 30 


M 


190.18 83.50 


210.68 


00 


fl. 


8j 


196,18 28.60 


210.08 


80 


0.30 


85 


106.18 33.50 


819.88 


59 


7. 


85 


196.18 23.50 


819-68 


69 


7.80 


85 


198.18 33.50 


319.68 


58 


8. 


8,-i 


IM.18 2d. 60 


219-03 


06 


8.30 


»5 


11)8-18 , 23.50 


310.68 


66 


e. 


85 


1U6.18 1 33.50 


210.68 


58 


B.SO 


85 


196.18 


23.50 


210-68 


08 


10. 


85 


196.13 


23.50- 


aio-os 


68 


1(1.30 


83 


196.18 


23.50 


210 68 


56 


11. 


85 


196,18 


83,50 


210.08 


57 


11.30 


86 


196.48 


23.50 


321.98 


B7 


13. 


8il 


196.48 


83.50 


831.88 


57 


12.30 A. If. 


85 


190.18 


23 50 


810.68 


67 


1. 


85 1«8,18 , 33.50 


21B.B8 


57 


1.80 


85 


198. m 


83.60 


819-08 


57 


2. 


M 


190.18 


33.50 


819.68 


57 


3.30 


85 


190.18 


38.60 


219.68 


57 


3. 


85 


190.18 


33.60 


319,68 


57 


3.30 


85 


196.18 


33.50 


219. UU 


67 


4. 


83 


198.18 


23.60 


310.08 


57 


4.30 


85 


1911,18 


33.50 


219,08 


67 ^_ 


0. 


85 


106.18 


2:j.60 


319,68 


^^H 


O.SO 


8.1 


1W.18 


23.60 


319,68 


^^H 


6. 


85 


1011.18 


83.50 


219.68 


^^H 


0.30 


95 


108.13 


23.no 


810,68 


^^1 




B5 


106.18 


33.50 


219.68 


^^m 


7.30 


85 


Iftfl.lS 


23.50 


819.68 


V 


8. 


85 


lilfl-18 


33,50 


210.68 


66 1 


8.80 


85 


iaa.18 


23.50 


819.68 


67 1 


9. 


85 


101-18 


23,50 


219.68 


I 


S.30 


85 


106-18 


23,50 


810 68 


57 ■ 


10. 


85 


198.18 


23-60 


819.08 


57 1 


10.30 


85 


106.18 


33-50 


210.08 


67 1 




85 


100-18 


83.50 


319.68 




1 8S.04 I 190. 3T 


23.50 


210.77 


1 

66.1 1 


a. ^ri 



SOHEXECTADY, N. Y. 



LOO OF TRIAL— BoiLBBB. 



9SS 

to.Va 



44853 

44SS3 
4490T 
44929 
44952 
41974 
410SO 
45018 
45082 
45003 
45065 
4SI09 
45129 
45150 
45172 
4S10I 
4S21fl 
45337 
4529U 
45280 
45:04 
4.5837 
45353 
45377 
45401 
45425 
4.'>449 
45473 
45497 
45530 
45544 
4.1567 
45.589 
45(]n 
45684 
45057 
45U79 
.45702 
4572.1 
45748 
5770 
4S;i)4 
4581 B 



CiMTU Link. 



23.16 ! 120. 61 



in^ 







COVINGTON, KY. 



XovEMiiEK, LSun. 



PRELDIINAKY RErOIlT OF G. BOUSC 

CoKSTEUtrriNG Ekgixker. 






CiRciNHATi, December II. ISDO. 
Truitein Conington Beirrvoir, Covtngton, Ey. : 

tlENTLKMEti— I beg tngubmil Ibe following report on tlie dutj- test recently iu»du 
of the foTiugton putuping engines, built by the Holly Man u tact u ring- Co., under con- 
tract wilii jour Board. 

The geueral specilicBtlonH under which proposals vrme received tor these pumping 
en^inea stipulate that " each pumpiDg eagiiie, working either singly or jointly with the 
normal pre^Bnte of 100 ]l>s. of sleam in the boilers, shall deliver water in the reservoir 
•t the rale of S.OOU.UOO United Stales standard gallons in 34 hours, with a consumption 
of ctal not exceeding IS.UUO lbs. in 21 hours, when the level of water In the river 
1* 885 feet below the center of the force pipe at the apex on the hill. The consumplion 
Bhsll be proportionally lens as the water la the river rises above the datum referred to. 
" After a period of ninety days operation the final tests for duly sIlsII be made in 
tile following manner r 

" 1st. Both pumping eaglnes shall be worked simultaneously, in normal condition 
with a ileam pressure of 100 lbs. to the square Inch in the boilers, and a rate of 
deliveirr iuio the reservoir not lem th&n IU.000,000 gallona in 24 hnurs lor a period of 
nut less than 48 hours. 

" 3d. A similar te^t shall be made with each engine working singly, in normal con- 
dition with UK) lbs. steaui pressure in Ibe boilers. The coal ooosuined shall be care- 
full* weighed. The qunullty of water shalt be carefully measured over a weir at the 
reaer voir, and an eccorate record shall be kept of the elevation of water in the river 
4aring the te!<t." 

In the contract, aa executed by [he Holly Manufacturing Co., these conditions were 
alightly modified by the following clause : 

"The above described machinery will be guaranteed to be capable of pumping 
(.000,000 Dnited States gallons of water per 24 hours against a sUtlc head of 378.1 feel. 
«t a piston speed of 120 feel per minute with 90 lbs. steam, and to develop n duty 
«^nivalent to rising 2.500,000 gallons 37S.1 feet high In 24 hours with a consumption 
Of n.600 lbs. of coal, and to raising 5,000.000 gallons 378.1 feel high in 34 hoars with a 
ODoaumplioD of 18,000 Iba. of iH>al, test to be conducted oh per your speciScations." 

The changes made from the general specifications by this clause of the contract are : 

]at. That a maximum static head of 378.1 feet is substituted for 385 feet, the 

former being the difference in elevation between extreme low water in the river and 

Ihe highest point on the force pipe line at the open BUnd-pipe in tunnel. 



I 




2d. Thai a preBsure ot 00 lbs. of steBui (ioffrred to apply U) iha working pressure 
mt the ^nglasB, but not eipresaly defiaed) ia subsUluted in place of 100 Iba. pressure 
at the boiltra. 

3d. Tbat tlie piBton apevd of llje eogHoea is limited to 120 feet per minute. Hlirrrii 
no limit is stipulated ia Ibe general dpecifiuaciona. The weir used for g-auging tlie 
quantlliea of water delivered waa erecled at the Inlet of tbe nonii bas^u of tlie 
reservoir, 

Tlie teBtH were made in llia following order : 

let. Euglae No. 1, running alone, from November !5tb, 1S.30 P. m.. to November 
STth. 13,30 T. M. 

2d. Engine No. 2, ranning alone, from KoTembet a7ih, 6 P. M., to Novemberatli, 
6f. u, 

3d. Engines Nob. I and 2, running together, from Decemtwr Sd, noon, to Dscettbrr 
Stb, Doon. 

The interval of time between teat No. 2 and teat No. 3 was rendered unavoldablv b; 
the necessity of waiting for the cecesear; rocim in the two basins of the reservoir lu 
receive tlie water pumped during ibe third test, and by the abaence of Mr. Hermin.v, 
who was compelled to attend to urgent business in Louiavjile. 

Tbe water delivered during teat No, 1 for the 4S hours, beginning at 1.50 P. M , 
November 35ib, and ending at 11,50 a, h,, November 27th, was carefully measured In 
the basin lo serve as a check to the gauging at the weir. Tbe same waa done duiing 
teat No, 3 for the Brat 24 hours run. from noon, December 3d. to noon, December 4lli, 

As a further check to show the change in the condition of the engines, which iniglit 
have taken place during the teat, short runs were made at the end of teat No. 3, wiUi 
each engine working alone. 

For engine No. 1, from 13.15 p, m, to 1,45 p. m. 

For engine No. 2, from 3, 10 P. U. to 3,45 P. H. 

The results of my calculationa, from all (he observatlona talien, are lahuUti^ In 
the accompany eihibit. 

The notes have been handed by me to Mr. Hermany, who will make bis owd com 
putalion and submit bis report to your hoard neit week. 

Tbe weir and basin meaaurenienis in the first test were found to agree nllbiu 
about one per cent,, which is as close as could lie expected. 

In the third test the t>aslu mensurenieut exceeded tlie weir measurement by mnic 
than 3>^ per cent., which can only be explained by ilie fact that tbe current in tlie ""''' 
trough was disturbed lo such an eili-nt by the large quautily of air carried by ibe 
water from the stand-pipe as to impair tbe accuracy of the gauging. The quaBlltf "' 
water given by the basin measurement less 0,01092 was taken as a basis for the eoiu. 
potation of the allowable coal in that test. 

My conclusion, with regard to the test. Is that the engines have complied with ill* 
conditions of the contract except In tbe following psrticulara : 

Isl. That the pressure of steam corres|K)nding lo the specified duty ia 100 !l»-i 
Instead of DO lbs. 

2d, That the piston speed neceasary for the delivery of the specifltd quantity "' 
water in 24 hours exceeds the specified speed by 1 J^ lo 2'^ percent. 

These discrepancies being purely of a technical nature, I recommend the accepUuiM 
ot the eoginea from tbe contractors' hands. 

Very respectfully, 

Q. BOUSCABEN, 



OUSCABEX, ^^H 
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COVINGTON, KY. 



November, 1890. 



FIXAL REPORT OF CHAS. HERMANY, Consulting Engineer. 



Louisville, Ky., December 18, 1890. 

To the Trustees of the Covington Reservoir, Covington, Ky.: 

Gentlemen — Below please find my report upon the fuel and capacity tests made 
with two pairs of compoand steam pumpinfjr engines, built by the Holly Manufacturing 
Company for the Covington, Ky., Reservoir Trustees. 

ENGINE NO. 1. 

1. Duration of test from 12.80 p. m., November 25th, to 12.30 p. M , November 27tb, 
1890—48 hours. 

2. Two boilers fired during test, Nos. 3 and 4. 
8. Coal burnt in 48 hours, 34.990 pounds. 

4. Quality of fuel used was good Pittsburgh lump coal, forked and free from slack. 
The contract says: "The coal used shAll be the run of the mine, ordinary qualitj 
Pittsburgh coal." 

5. The average pressure of steam in boilers during test was 104.18 pounds per 
square inch. Pressure stipulated in contract was 90 pounds per square inch. 

6. Engine No. 1 operates four single-acting plunger pumps, each 19 inches in 
diameter and 36 inches stroke. 

7. Plunger displacement per revolution, equals 

19* X 0.7854 X 30 X 4 — 1.231 = 176.7458 U. 8. gallons. 

8. Number of revolutions during test 63,795. 

9. Piston speed 120 feet per minute as named in contract for 10,000,000 gallons in 
48 hours. 

10. Average piston speed during test was 

83.795 X 6 ^ 10.000.000 .nn^o # ♦ 

48x00 ^ iTmaoi = ^2^-^^ '^"' P"' °^^°^'"- 

11. Volume of water pumped during 48 hours, estimated by plunger displacement 
was, 63,795 X 176.7456 = 11,275,486 gallons. 

12. Static head against pumps from low water in the river to water surface at apex 
at force main at stand-pipe, 378.1 feet as specified. 
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18. ' Average Tertical distance during test from engine-room floor to water in well 
49.312 feet. 

14. Average height daring test from engine-room floor to water surface at apex in 
force main at stand-pipe 807.81 feet by engineer's levels. Same by pressure gauge 
314.61 feet. 

15. Total static head against pumps during test 357.152 feet by engineer's level. 

16. The mean head on the weir during test from 576 readingps of hook-gauge, wan 
0.64405 feet; head due velocity of approach 0.0024 feet; and total head on weir 0.64735 
feet. Length of weir 4.995 feet. 

17. Volume of water delivered into reservoir in 48 hours by weir measurement 
(computed by Francis' well-known formula) : 

Q = 3.33 (L — 0.1 n H) H*) was 

8.88 (4.995 — 0.1 X 2 X 0.64785) X 0.64735* X 7.4805 X 60 X 60 X 48 = 
10,908.310 gallons. 

18. Volume of water delivered into reservoir in 46 hours by basin measurement. 
Water in N. basin November 25th, at 1.50 p. m., by table of reservoir 

capacity 12,689,340 gallons. 

Water in same November 27th, at 11.50 A. m 23.259.950 gallons. 

In 46 hours • 10.570,610 gallons. 

Equivalent to |2 

11,030.201 gallons 
in 48 hours. 

19. These three different methods of determining the volume of water delivered 
into the reservoir, as shown in sections 7, 11, 16, 17 and 18 of this report, give the 
following as delivery in 48 hours, viz. : 

By pump plunger displacement 11,275.486 gallons. 

By weir gauging 10,908,810 gallons. 

By basin measurement 11,030,201 gallons. 

The lost action (slip) of the pumps was therefore 0.03366 when estimated by weir 
gauging, and 0.02223 compared with basin measurement 

The volume of water delivered into reservoir, as determined by basin measurement, 
is taken as the closest approximation to accuracy, and, therefore. Engine No. 1 is given 
credit for having delivered 11,030,201 gallons of water into the reservoir in 48 hours. 

20. The contract stipulated that the engine shall pump 10,000,000 gallons of water 
in 48 hours from low water level in the river to the height of the center of the force 
pipe at the stand- pipe (a height of 378.1 feet) with 36,000 pounds of coal, or the same 
Tolume of water with a proportionately less weight of coal as the water in the river 
rises above the low water level. Which alternative means, that if the conditions 
named in the contract do not exist at the time of making the test, then the result of the 
teat made under changed conditions, shall be the medianical equivaleni of the work 
stipulated in the contract. 

Instead of pumping the stipulated volume, as above stated, this engine pumped 

11,030,201 gallons of water in 48 hours. 357.152 feet high with 34,990 pounds of coal. 

which is the mechanical equivalent of the work stipulated to be performed, with 2,619 

pounds coal less than the weight allowed in the contract — a reduction of T^'^^ per cent. 

expressed as follows, viz.: 

11,030,201 gallons X 357.153 feet head ^ oa nnn a i omnn 

^^.>^Vw^ 11 ^ o^o 1 r— TT — 1 X 36,000 pounds coal — 34,990 pounds coa = 

10,000,000 gallons X 3^8.1 feet head * <- > r 

2,519 pounds coal less than the contract allowance. 



ENGINE KO. 2. 

1. Duration o( test 0.00 p. m,, November 2TtL, to 6 
18 hoars. 

2. Ttro bnilera fired duriog test. Nos. 3 and 4. 

3. Coal burnt Id 48 hcurs, 36,777 pounds. 
Qiialii; oC fuel used nas good Pittsburgh coal, i 



„ November 2»U], IBM. 



M>l 



* 



qnalHf Pittaburgh coal." 

5. Tlie average presaare of Meain In boiler dnrlag the test was 103.61 ponodB prr 
square iuch. Pressure stipulated in coDtract is 90 pounda per aqitare locb. 

0. Engiiie No. 2 is a duplicate of No. 1, aud operates fonr sing In-acting pluuger 
pumps, each 10 iQches In diamHler and 36 iacbea stroke. 

7. Plunger displacement per revolution, e<iuiils 
W X .78-54 X 30 X 4 X dIt = 1T«.745« U S, gallons. ^™ 

8. Number of revolutions durlug test (I4,:^09. ^^H 

9. Piston speed ISO feet per minute as named in contract. ^^^| 
10. Average piston speed during letit was 

64.299X6 10,000.000 ,„ ,„ , 

^iSlTW =< 10.9387:38 = '^^■*'' '''' P" «"""^- 

11. Volume of water pumped during 48 hoora, estimated by plunger displscement, 
was 64.200 levolutions X 170.7456 galloos = 11,364,565 gallons. 

12. Static head egalost pumps from low water In the river to water surface il ipii 
in force main at staoil-pipe, 37U.1 feel as speciSed in contract, 

13. Average vertical distance during teat from engine-room floor to water in m^ll 
54.115 [u«t. 

14. Average lieight during test from etjglne-raom floor to water surface at tpei in 
force main at stand-pipe 807.81 feet by engineer's levels. Same by pressuro g(Ug» 
314.61 feet. 

15. Total static head against pumps dnrlug test was 861.025 feet bj' engiDoiir't 

10. The meBQ head o 
regular intervals of live ; 
0.0021 feet ; and total hen 

17, Volume of watur delivered into reservoir 
computed bj Francis' fnrmula. was 

8.33 (4.003 — 0.1 X 2 X 0.(Ha47) x 0.64817* X 7.-1805 X W) X 60 X 4^ ^ 
10,986,128 gallons. 

18, Volume of water delivered into reaervqlr in the lest of this eugiut "as ii'>i 
measured iu the basin. 

19, The two di£Ferent methods oC determining the volume of water delivered ml" 
t the following as the delivery in 48 hours, viz.: 

p plunger displacement 11,864.503 galloW- 

gauging 10,936.126 gallona 

The result of the teat made with Engine No. 1 gave the volume of naier dellveiwJ. 
hj basin measurement, M 1.01117 times that determined by welr gauging. For ill e 



during the teat from hook-gauge readings taken » 
lart was 0,64607 ff et ; head due velocity of approicli 
0.(M»47 feet. Length of weir 4,905 feet. 

roir in 48 hours bj weir tuewtureiuei'l. 
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reaaoo assigned in the report on the test with Engine Na 1, the weir Tolume of the 
delivery by Engine No. 2, is maltiplied by 1.01117, and the engine given credit for 
delivering 11,058328 gallons water into the reservoir in 48 hoars. 

The lost action (or slip) of the pumps was therefore 0.03917, esUmated by weir 
ganging, and 0.02769 compared with utimcUed basin measurement. 

20. The contract requires Engine No. 2 to perform the same work with the same 
consumption of coal as stipulated for Engine No. 1. Engine No. 2 pumped 11,058,328 
gallons of water, 361.925 feet high in 48 hours, with 86,777 pounds of coal, which is 
the mechanical equivalent of the work stipulated to be performed with 1,830 pounds of 
coal less than the weight allowed in the contract — a reduction of 3^ViF P^^ cent., 
expressed as follows, viz. : 

11.058.328 gallons water X 361.925 feet head _ oo aaa j i «« r^^ ,,. 

iAAAn.u>i> II z:r-. — w orya^ — 4 ^x. A X 86,000 pounds coal — 36,777 lbs. coal = 

10,000,000 gallons water X 378.1 feet head '^ 

1,330 poonds coal less than the contract allowance. 

The difference in the coal consumption by the two engines is 1,189 pounds, and is 
evidently due to the difference in the condition of the coal. 

ENGINES NOS. 1 AND 2 WORKING SIMULTANEOUSLY. 

1. Duration of test from 12 noon, December 3d, to 12 noon, December 5th, 1890 — 
48 hours. 

2. Four boilers fired during test, Nos. 1, 2, 3 and 4. 
8. Coal burnt in 48 hours, 76,460 poundd. 

4. Quality of fuel used was good Pittsburgh coal, containing a large percentage of 
slack. The contract says: "The coal used shall be the run of the mine, ordinary 
quality Pittsburgh coal." 

5. The average pressure of steam in the boilers during the test was 103.78 pounds 
per square inch. Pressure stipulated in contract is 90 pounds per square inch. 

6. The two engines working simultaneously operate eight single-acting plunger 
pamps, each 19 inches in diameter and 36 inches stroke. 

7. Ck)mbined plunger displacement by the two engines, per joint revolution, equals 

19« X .7854 X86x4x2Xiii= 353.4912 U. S. gallons. 

8. Number of revolutions during test for both engines was 

(64,899 for No. 1 + 65.295 for No. 2) = 130,194. 

9. Piston speed 120 feet per minute as named in contract for 20,000,000 gallons in 
48 hours. 

10. Average piston speed during test was 

130.194 X 8 20.000,000 1 ,oi ko # • 

— -I -^ X ^, , ^, .^ X T = 121.58 feet per minute. 

48 X 60 ^ 22.307.610 ^2 ^ 

11. Volume of water pumped during 48 hours, estimated by plunger displacement, 
wts 65,097 X 353.4912 = 23,011,217 gallons. 

12. Static head against pumps from low water in the river to water surface at apex 
in force main at stand-pipe is 878. 1 feet as specified in contract. 

13. Average vertical distance during test from engine-room floor to water in well 
was 60.333 feet. 

14. Average height from engine-room floor to water surface at apex in force main 
at stand pipe 307.81 feet by engineer's levels. Same by pressure gauge 314.61 feet. 



10. Toial stHIic bead against piitupH tliiriag ti>st SOS.U^ ftet b; engloeer's levels 
IG, TLe mesiD head oa ihe weir during- ihi: test, rrom Uook-gauge readioga UkcDil 
rHguIar iDtcrvals of fire iu[iiutea apart was 1.02124 feet; head due velocitj of appiDKli 
(J.OOUT feel ; and total head In nelr 1.0S904 feet. Length of weir 4.095 feet. 

17. Volume of waler delivered Into reBcrvoir in 48 houra bj weir measuTrmml, 
computed bj Francia' formula, was 

S.33(4,M3 — 0.1 X3 X I.02!!9J1 X 1-02991' X 7.48a3 X 60 X 00 X 49 = 
21,546,7)43 galloDB. 

18. Voluroe of water delivered inio rest^rvoir iii 34 Lours by basin lutfaEuremaol: 

Water In N. basin DecBOibar 3.i, at J L.^iO A, u 14,616,'500ga)ioBi. 

Waler in aame at 11.50 a. u., DecBuiber 4lh 25,770.305 galloBi. 

In 24 Iioura 1I.1S3305 gallont 

EquiFalenl lo }} 

In431ioura 22.307.610 galJaaa 

IB. The Toiume of water delivered into the reservoir In 48 hours bj the two 
engines when worlted siuiiilianeonsly ie, therefore, as followa, vl«. : 

By plunger displacement 33.011,317 gallon. 

By weir gauging 21 ^546.762 ffalkJiil 

By basin measurement 23.307,610 gallooa 

Tlie lost Bctinn (slip) of tlie puiups waa therefore 0.06700 when eettmaled by wdr 
gauging, and 03134 when compared with the basin measurement. 

The basin meaanremeDl, for TPas'ics ht-relofore elated, is taken as the ctosMl 
■pproiimiiioD lu ihe correct voluiae of waitr delifervd iaio lie rrserroir, and llie tm 
eagln<-9 ruQDiug jointly are therefore credited with having delivered 22,307,010 gslloiB 
of water la 4« homs. 

30. Ths contract atipulatea that the two eoglneB runniDg jointly shall pam^ 
20,OCO,000 gallons of water In 4S hours 378. 1 feet high with 36,000 pounda of coal. 

The two engines runnitig jointly did pump 23,307,010 gallons of water In 43 bona 
808 143 feet high v/llh 711.400 pounda of coal, which ia the mechanical equivalent of lli> 
work Btipulaled to be performed with 1.732 pounds of coal less than the wdglil 
allowed in the contract — a ruduelion of 3[Vg P'^'' cent., expressed as follows, viz, : 
23.307, 610 gallons water X 368 .143 feet bead 



■2,000 pounds cosl - 
slloweuce. 



lbs. coal = 



20,000,000 gallon 

1.732 pounds less than 
The results from tlieee several testa aliow that Ihe pumpiag enginee meet Ike wf' 
tract rtquiremeuts fully (exceed tbeiu in some respecls), with two exception!. *!■>< 
steam pressure in l>oilers and piston speed per minute. 

'I'liese exceptions are technical when considered tn connection with the entire pUti 
and of too little importance to be made b subject for diacusalon. 

From the leatB made and n careful iospection of liie whole plant, 1 am JuaUBcd 1( . 
saying that it is Grst-claas in every reapect and fulfills the contrac 
Very respectfully, 

CHAg. HEBMAKT. 

Civil EnglM 



uuUfdlt . 




TERRE HAUTE, IND. 



February, 1S!>1. 



PRELIMINARY REPORT OF PROF. C. L. BROWX. 



KosE Polytechnic Institute, 
Terre Haute, Ind., February 24, 1891. 

The Terre Haute Water Works Company: 

(iBNTLEMEN — Id respoDse to the request of your superintendent, Mr. Williamson, 
I, on February 11th, made a duty test of your new No. 4 Qaskill Pumping Engine, 
recently erected by the Holly Manufacturing Co., of I^ockport, N. Y., at your pumping 
station in this city. Previous to the test the engine was examined and measurements 
made of its various parts, to determine how closely they complied with the specifi- 
cations contained in your printed contract with the manufacturers. These were all 
found to be substantially as specified. 

The test began at 1.30 P. m., Wednesday, February llih. and continued withcit 
break or interruption from any cause till 1.30 a. m., Thursday the 12th, making a con- 
tinnous run of twelve hours. 

The following is a copy of the guarantee under the conditions of which the test 
(Tas made : 

The above-described machinery will be guaranteed to be capable of pumping 
K.000,000 United States gallons of water per 24 hours against a head of 60 pounds for 
lomestic service, or against a head of 125 pounds for fire service, at a piston speed not 
o exceed 110 feet per minute pump plunger displacement. 

DUTY. 

The engine will be guaranteed to perform the duty of 100,000,000 foot-pounds when 
pumping at its rated capacity, against a head of 60 pounds based upon an evaporation 
by the boilers of 10 pounds of water per pound of coal, from and at the temperature of 
feed water with a steam pressure of pounds per square inch at the throttle valve 

when running. 
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CAPACITY. 

Calculated from plunger displacement bj terms of contract : 

Number of pump plungers (single acting) 4 

Average diameter pump plungers, inches 22 

Average length of stroke, feet 3 

Average area of pump plungers, square inches 880. 1*386 

Average displacement pump plunger, cubic inches « 13684.8096 

Total displacement 4 pump plungers, cubic inches 54789.2884 

Number of gallons per stroke 236.9664 

Piston speed, feet per minute 110 

Equivalent strokes per minute 18)^ 

Equivalent strokes per hour 1100 

Equivalent strokes per day, 24 hours 26400 

Gallons per minute 4^44.884 

Gallons per hour 260,663.04 

Gallons per day. 24 hours 6,255.912.96 

Contract capacity 6,000,000.00 

Excess above contract capacity 255.912.96 

or 4 . 26j? 

During the trial of 12 hours duration the engine counter registered 

revolutions 14,762 

Equivalent revolutions per hour 1.230.2 

Revolutions per minute 20.508 

Piston spf ed, feet 128.02 

At the above speed the amount of water pumped was as follows : 

Number of gallons per stroke 230 . 9064 

Total gallons pumped, 12 hours 3.498,098 

Equivalent gallons pumped, 24 hours 6,996,196 

against total head of 72.76 pounds pressure. 

No fire service test of the engine was considered necessary, its ability to pump at 
contract speed and head having been repeatedly demonstrated in actual daily service. 

By the terms of the contract, the duty should be computed on the basis of ''evapo- 
ration by the boilers of 10 pounds of water per pound of coal," or, in other words, that 
100 pounds of coal, the usual basis for duty calculation, should be considered as 
evaporating 1,000 pounds of water to dry steam. The dryness of the steam was 
measured by Professor Thomas Gray, with a new form of superheating calorimeter, 
designed by himself and built for the occasion. 

The steam supplied by the boilers was of good quality, containing only 1.6 per cent, 
of entrained water. 

For the computation of duty we have the following data, from the various readings 
made during the test : 

Number of single-acting plungers 4 

Area of single plunger, square inches 380. 1386 

Length of stroke, feet 8 

Number of strokes during test 14,762 
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Hdgiit of wmter presBuie g^Mge abore lerd of wmier im pomp- well, feet, 46 . 61 

PMBOie due tc height at 46.61, pooads 20.00 

iTOtge preasare bj gmuge, pouBds 62.28 

GDrrection, pomids .28 

Total presrare pnmped agminai, povnds 72.76 - 

Total water weighed to boUen, poonda 46,779 

Total water used in calorimeter teat, pousda 900 

Total entrained water 1.6 per eent., poondt 734 

Net water charged engine, poands *45445 

_. Area- plooger X 4 X amke X reTolations X pressure 

Imty = ^r— 

"^ Net water 

lOUO. 

^ , 380.13^ X 4 X 3 X 14,762 X 72.76 
^~^ 45145 

equals 106328,984.29 foot-poonda per 1.000 poonda steam. 

Compated- bj the terms of contract, the actual daty exceeds the guarantee by 
8.588,984.29 foot-ponnda or 8.5 per cent. 

Daring the entire teat of 12 hoars duration, the engine ran smoothly without per- 
ceptible heating or undue vibration with piston speed and against a head far in excess 
of the contract specification. The material and workmanship were apparently satis- 
factory, and I am of the opinion that the pumping engine has met the requirements of 
•peeification and guarantee. 

Much data was collected during the tests from numerous readings and iudicator 
ciirds taken at stated intervala 

These will be tabulated and various calculated results appended, which will be 
presented later on in a fully detailed report. 

Respectfully submitted, 

C. S. BROWN. 
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PRELIMINARY REPORT OF PROF. M. E. COOLEV. 



Ann Arbok, MicmaAH, Februiry 28. 1801. 
1 Ta the U-morahle. The Oommon Couneil, K'damaioo. Michigan — The CommitUt on 

Fire and Water: 

Genti.EMES— I Iidve the honor to aubmlt ■ brief prelimlnnry report on ilie per 
formsnco of Ihe new pumping engine recently erected st your City Wnter Works ud 
tested January 6, 7. S end 9, 1891. 

This engine, hnown aa iha Gaskiil Vertical Compound Condenaiog Engine, w« 
built and erected by the Holly MfiDufacturlog Compaoy of Lockport, N. Y.. and is 
almost an exact duplicate of tba Oaakill engine erected tor your clly in 18S3-88, 
A full dvBcrlption of the engine wilt appear in my full report. 

In tlie BpPclBcatlona and contract between lUe City of Kalaniazou and the Knilf 
Manafacturing Company, this engine is "guaranteed to be capable of lifting 3,000,004 
United States gKllons of water per 24 hours, pump plunger diupiacemeni. againit * 
head of ISO feet for domestic, and against a head of 133 pounds tor Gre serrice, al a 
piston speed of lti5 feet per minute." 

Further, " the engine will be guaranteed to perform a test duty oo a ran of 24 hoan 
of 95,000,000 foot pounds per 100 poands of best coat, when pumping at its ratrd 
capacity against a head of 120 feet, with a steam pressure of 75 pounds per sqaare iocb 
at the throttle when running." 

It gives me much pleasure to Inform you that the r^uiremeuls of the contract, 
as above stated, have been fully complied with, and that you pocsBss In ihls uew engiDs 
a machine capable of performing the duties required of ll eB-sily, ntfi-ly and ecooonii* 
cally. This ejigine works with much amoothnesa, even uuder the hardest serviM 
imposed upon it, and appears to be a thoroughly well built machine. 

The City of tialamazoo is to be congratulated on possessing a pair of engines which 
have so fully saiisRcd the ri^qulremenls in all particulars ; and ia entitled to feel ajiut 
pride in its City Water Works, which is perhaps one of the most unique, well arrangtil 
and compleie systems in the country. 

The re.suita secured Id the trial testa of January Gth, Tth, 8th aud Bih, are as follows 
(Note — These results are subject to further correction for ioBlrumeutal errors) ; 

CAPACITY TEST. 
The contract provides for no oltowanca for t^fp, and stipulates thai the oapacilf 
shall be figured from the pump plunger diaplacament at a piston speed of 135 leei per 
rotnule. The resnlt thus figured is 3,174,871.4 United BUtes gallons. The require- 
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pou o( 3.000.000 Untted Suies ^loBa is exceeded by 174,371.4 gtllouB, equil to S.H 
Iper cent., wblcli Is conBlder&ble in excess of any probable slip for tliii cl«ss ot pmnpB, 
iTtiiF plEt<io spKvd tor 3S 2S boars averaged 13^.05 feet pet tu in ate, and the b«ad by 
Kgkd^ pumped against 124,8 fe^t, the steam pressure at tbe ilirotlle being 7!. 8 pounds 
■ per square loch, 

FIRE TEST. 
Duiiog the fire test, nhlcb was at 20 minutes duration, a pressure of 187,14 pounds 
Eper Hjiiare iocb was maintained in the force main nt a piston speed of VH>.75 feet 
nlnute, end with • steam pressure of 74.5 pounds per square inch. 
be engine worked very smoothly, and could have been run at a higher speed and 
K Kgaiust a greater head without difficulty, and (or any reasonable length of time. 



DUTY TEST, 

It ehoald be staled that (be cnal used In this test was not of as good quality as 

I'toDtemplated in ihe cooiraet. but wna carefully haud.picked and gave very fair 

['evaporative resulls, Tbe duty has been figured for tbe entire run of 3S.25 hours. 

I TUe pressure, or bead, igainst wbicb the pumps worked was determined by means of 

tbe Indicator, and also by means of gauges placed on tbe suction and force mains near 

lh« pumps, and again by the gauge on tbe engine, and the measured dlstaute of this 

gangs above tbe level of tbe water in tbe well. The indicators were placed one on 

each water cytiuder, and one on tbe suction and one on tbe discharge or force main. 

In theliual report tbe duly will be figured for each set of obserrations, but in Ibis report 

the duty Is ligured from tbe indicator diagrams taken from the water cylinders only. 

Duration o( teals, hours , 35.85 

Total nutnber of revoluttone 40.021 

Average revolutir-ns per minute 27.01 

Averagw piston spiwd par minute, feet 13.1. M 

Average pressure In water cylinders, pounds Hd 0645 

equivalent to a bead of 130.44 feet. 

Total work done during ihe entire run. foot-pounds 3,802,900,500 

Total coal fired to furnace, pounds 8,634.50 

Added to make ibe fire as good as at beginning, pounds 140.00 

Total coal cbarged up lo test, pounds 8,774. BO 

Dfductwl as equivalent to the stenni lost by leakage, wbicb was 

unght and weighed, pounds 56. OSS 

Net coal charged to tbe te*I, pounds 8,717. S83 

Duty ; Fool-pounds ^-^:^S^^° X 100 = 162,290,000 
3JT17.DIWU 

Tbvduly as Ggnred from gauge pressure Involves an allowance for friction, which 
Elilncloded in Ibe above result. This friction is variously estimated at from one pound 
■per square incb up to several pounds, and tbe duty must of coarse vary accordingly, 
■This wilt be fully considered in tbe final report. 

The duty as above figured eiceeds the requirements of tbe contract by 7.07 per cent, 
I have the houor to remain, 

lours very truly. 

M E, CtX^LEY, 
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GEKTIRAL REPORT OF M. E. COOLEY, 
Professor of Mkciianical Engineering, University of Micsigak. 



Ann Arbor, Michigan, Jnlj ]« 1891. 

To the Honorable the Common CouneU, Kalamasoo, Michigan — The Commiitee on Fin 
and Water: 

Qbntlemen — The preliminary report on the performance of the New Gaskill 
Pamping Engine at the Kalamazoo Citj Water Works, sabmitted Febrnarj 28th, 
contained a copy of that portion of the contract bearing upon the capacity of the 
engine for domestic and fire service and the duty performance, together with a state- 
ment that the requirements of the contract had been fully complied with. 

I have now the honor to submit a general report on this engine, containing in fall 
the results obtained in the tests of January 6th, 7th, 8th and 9th, and in the spedil 
test of April 2d, made to determine the friction of the valves and the water passagn 
of the pumps. 

The test of April 2d and the report upon it have nothing to do with the Iequi^^ 
ments of the contract, and are introduced for the purpose only of making this report 
more complete, and for the knowledge afforded by them of the action of parts of 
pumping engines not usually considered. 

Much gratification has been experienced in the opportunities afforded for securing 
this data, and it is believed that the information derived fully warrants the labor and 
care necessary to obtain it. Trusting that the report will be found acceptable, I hare 
the honor to remain, Yours very truly, 

M. E. COOLEY. 

[This is a duplicate of the engine illustrated and described on pages 98 and 99 of 
this book.— Holly Mfo. Co.] 
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kuonn as tbe Diivct 8 
ectly toto tbB dUtrlbatSng msina 



of the cily I 



Tbe aupplf Is ttikea from mo wella. one on the aorlh aide and close to the pump 
bonso, the iwber 3,978 feet to the soulli and weat. Tlie well by tUe pump house is 
tlie older well, and baa been in use 22 jeara. It is 30 feel 1u diameter icside tbe curb 
■od about 2S feel dttep. Tbe aew well waa finished in 18SI0. and is 31 feet !□ diaiueter 
lod about 25 feet deep. The water ia brought from the new well to tbe old well by a 
ki)>bon 24 incbee in diameter, laid on a level between tbe wells. Valves are placed ao 
llut Ibe pumps can draw directly from tbe Dew well if deaired. Ordmarlly the pumpa 
lake their supply from the old woll. 

Tbe cily Is provided with tour pumping engines, as follows . A Holly Quadrupl«< 
nl iwo million galloui capacity, a Worlbingion Duplex of two and oue-balf million 
gailoDB ouiiBcity, and two llaRkill Compooud Engines of three million gallons capacity 
L lull, Tbe first two are now used only as ■ reserve. 

I Tlw daskill Engines are of tbe Veriical ComiKinnd CoudentilQg type, with crank 
Pud ay.wbeels. and are duplicates, eicept that they are built right and left handed. 
' The oldi>r engine of the two stands on tbe north side of the puuip bouse, and tbe new 
rngine on the south side. 

Each engine has nne high and one low-pressure steam cylinder, and each cylinder 
iipFntes by a direct connection a sinifle-acting plunger pump. 

The cross-bead of each cylinder ia couiiecied by suitable links to a beam, the shaft 
of wbick is between the platon rodfl. The beam la further connected by meana of a 
muufcllng rod to a tly-wheel abaft currying two Hy wheels, one at each end. Tbe tlr- 
vbecla of tbe new engine are Bomen-ba,t heavier than those of the old engine. 

The iteam cylinders are sleam jacketed, botb on aides and heads, and the sldea are 
uoTBied with wooden lagging. The valve gear Is of tbe Corliss type, aiid may be set 
Ik give either a Tited or an automatic cut. off as desired. It ia driven by a trussed rod 
I nUehed to a. pin in the end of the Hy-wbeel ^baft, 

Tbe pump piiingera are of cast iron, and packed by meana of an external gland 
A with brooxe. 

Tbe valve cbaiubers are in three parts; tbe lower part connects to tbe auction, tue 

Idle part to the pump cylinder, and the upjier part to the discharge. The top plates 

if tUe lower and middle parts form the senta fur the suction and discbarge valves, 

letWely. Tbe vnlves are of the type known as the "Troy Valve," The auction 

e pump is IG inclies in diameter and counei 

iW well and supplying both pumps. The pressure u 

u III* pumps. 

Only one air chamber is used on the auation, sen 
natlt anginea; but ihia is a large one and is situated o. 

E to tbe pumps, and about 80 fert from tbe vslve chambers of the aoulb 
■fine. Tbe pressure main is provided with two air chambers, one of the usual form 
1 for tbeae pumps above the valve chambers, tbe other about 35 feet diataut. 
Tbe latter air chamber Is very large and Is common to both engines, 

Thr condenser, of the jet type, stands by Ihe aide of Ibe engine and is connected to 
tn am^^ftctlng trunk air-pumps. Two plunger feed-pumps are secured to lh» side 



ing for both tbe north and the 
u tlie 2(l-inch main just before it 
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of tbe air-pumpB. Tha air-pumps and the feed-pumps are drivea b; m rock-afatf 
wliicli la an eitenslon nl tbe beam shaft. 

The feed-water pasaea through a beater where it receives the heat of the ja.cki 
water diacharged from an antomatic BteBm-Crap. The header la a plain cylindrical ahi 
Btanding in a vertical poeiiion contuinlng a amaller cylindrical shell with a «p* 
between them. The feed-water enters the bottom of the outer shell, pasees np anmi 
the iDiier ahell and leaves at the top, while the jacket- water eaters the top of tlie in 
shell, deacenda slowly and leavea at tht- bottom, diachargiug into the hot- well. 

The boilers, two in number, are of the cylindrlca] tubular t}'pe, and an aet In 
single battery. Both bollera are Itepl under steam, but only one ia required to op«n 
the pumpa except in case of a Gre. wlieii both are used. 

Previoits to the teat all giiugea were compared with standards brought from tl 
Mechanical Laboratory of the UniversUy of Michigan. Tliette standards w«n veilA 
at the Laboratory both before and aftiir the teat. The indlcatora and gauges used I 
the pumps and water mains, tbe therm am eters. barometer and calorimeter were ■! 
brought from the University. The indicators used on the steam cylinders belonged i 
the Water Works. All indicator aprings were carefully tested at prHCllcalty the tn 
peratures at which they were used in the lest. The location of all insirumeuts m 
noted, and meoBuremenle taken to determine errors of position. Ail tabulated mall 
have been corrected, both for errors of poattion and instrumental errors. Tbe oal 
Dsed to weigh the coal and ashes was tested with standard weights belonging talk 
city, both before and after the test. 

Tbe boiler room data was taken by the City Euglueer, Mr. Frank C. Balch; tb 
pump data by Professor Frank C, Wagner, of the University of Michigan, and Ikl 
engine-ioom and well data by the writer. Mr. Otnrge II. (.'handler. SuperinlendeDl tl 
the Water Works, attended to tLe regulation of the njachiner* and assisted in operallq 
the indicators on the steam cylinders. 

The Holly Manufacturing Company was represented by Messrs. C. H. Parrotl. J, W. 
Elliott and C. H. Anderson. 

Mr, U. E. Balch, Assistant City Engineer, acted as time- keeper. The more Imporaat 
observations were taken on the stroke of the bell one minute after a warning simkti 
bad heeu given, and the others as soon afterward as [uis^ibte. 

The capacity and duty tests began at 10,00 a, u., January 6lh,and ended at 11,11 
A. M., January 7th, the length of tbe teat being 25.25 houra. 

Observations were taken throughout the test aa follows- 

Steri/ 15 itintila. — Steam pressure at boiler, steam pressure at engine. racuiUlta 
condenser, revolution counter, water pressure in pressure main by gauge on •n^U> 
water preasure in pressure main by gauge near pumps, vacuum in suction llltilll| 
gauge near pumps, temperature of feed-water at meter, lemiieraiure of feed-watertfl 
boiler, temperature of hot -well. 

Ererj/ SO Miautet. — Level of float in well, height of n 
delivered to fireman, revolntiona counted. 

Every Hoar. — Temperature of 
r reading. 

Oceaaioniillff. — Barometer, temperature, of eitarnal 
pumped, temperature of injection. 

Indicator diagrams were taken every 30 n 
the hours of 11.00 P. H. and 6.00 A. M.. wlie 

All of the water cards, and the hourly s 
results embraced in the tables of eugiue aud 
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pumpea, tempeniaro ot injection. 

Indlenlor diagrmms were taken eyeiy 80 minatas throughout the test, except I 
the hours of 11.00 P. M. and 0.00 A. M., when hourlj cards were taken. 

All of the water cards, and the hourlj steam cards, have been worked up. i 
resalta embraced In the tables of engine and pump performance. 
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it the end of the t«el. It w«e uoordinglr obHerved bj tbre* obMrreM, And noted 
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the hours of 11.00 P. M. and 6.00 A. m., when hourly cards were taken. 

All of the wmtar eaids, and the hourly steam cards, have been worked up, and i 
results embraced in the tables of engine and pump performanoe. 
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A fall set of indicator diagrams is shown on Plate I, and a combined steam diagram 
on Plate II. 

In the analysis of the test the natural order of boiler, engine, and pumps is followed, 
and for each is given a table of dimensions, a description of the test, and a table of 
performance. 

The fire tests and the friction test are placed after the other tests, as they were made 
at later datea 

DIMENSIONS OF BOILER. 

Tjpe of boiler Horizontal tubular. 

Number of boilers 1. 

Diameter of shell, inches 60. 

Length of tubes, feet 16. 

External diameter of tubes, inches 8. 

Number of tubes 70. 

Arrangement of tubes . Horizontal and vertical rows. 

Least distance between tubes and shell, inches 2.5 

Width of vertical space in center, inches 3. 

Height of crown of boiler above tubes, inches 19.5 

Diameter of steam dome, inches 80. 

Height of steam dome, inches 86. 

Beating Surface: 

One-halt the shell, square feet 125.664 

One-half the heads, square feet 16 . 678 

AH the tubes, square feet 815.020 

Total, square feet 958.262 

Furnace : 

Width,feet 4.541 

Depth, feet 2 . 838 

Area, square feet 12.864 

Draught area of tubes, square feet 2.957 

Ratio of heating surface to grate area 74 . 491 

Ratio of grate area to draught area of tubes . 4 . 350 

Chimney : 

Height, feet 110. 

Length of side (square), feet 3.5 

Draught area, square feet 12.25 

BOILER TEST. 

The boiler test was made simultaneou^lj with the engine test. It was original Ij 
intended to begin the tests bj hauling the fire and starting; with weighed fuel ; but as 
the fire had been newlj cleaned and was heavy and in good condition, showing a bright 
ash-pit, it was decided to note the condition, and to bring it to the same condition 
at the end of the teat. It was accordingly observed by three observers, and noted 
on the log. 



The oool lued wu " Lehigh " lump, selected hj the Hollj MBDufacIarlng Compu;, 
bill WR3 not considered to be of as good qaalitj hs conCempl&ted in the contrmct. which 
■peclQed " best coal." It was brought into the fire-room in a barrow, mod wis haod- 
picked. broken into a box on a pUttorm ncAle, and weighed in charges of TO pooidi 
each. The scale was tested with U. S. slandard weights both before and after the Ml 
■nd found corrpcl. 

Fitly charges were delivered to the fireman at half-hour intervals during the IMI-, 
two eitnt charges were delivered, one aftur the test hid beeu runniog sixteen and one- 
haU hours, the other one hour before the end, making a total of tift;-two cbargea.ar 
3.640 pounds. Front this ie to be deducted Q.S poitadg weighed back, tearing a nM 
weight of 3,634.6 pounds actually fired. 

The fl ring wna done by Mr. J. W, Elliott, of the Holly Manufacturing Company. U( 
very ahillfal muDner. 

E^h 70-pound charge was divided into two parts, and Bred alternately to the two 
Bidea of the furnace at intervals of 16 minutes. The draught being strong, the fire wu 
carried deep on the grate, and it was found uaneceBBary to disturb it duriug thfl lint 
allteen and one-haH hours ; it was then shaken slightly and an extra charge added, 
gradually bringing the fire to its original level. 

It became evident toward the end of the test that the Are was very dirty, u ihen 
were but few ashes in the ash-pit. Observing the depth to be slightly greater than at the 
beginning, it was again shaken about one-halt hour before stopping, this time Uiot- 
oughly. It fell BWay to such an extent that, instead of adding enough coal to tesMra 
the original level (which would have required considerable time lo obtain conditiwl 
similar to those at the start). It waa decided to haul the Bre, weigh the coal and rsfim, 
and compare directly with the conditions noted at the start. This was accordingly dDU. 
The uliea were Bisl hauled from the uh-pit, HDd the &r« then dumped md uuMgh 
water used to barely qu(>nch it ; the heat remaining was aulRdeat to evaporate Uw 
moisture and leave the refuse neatly dry. The clinkers were then separted, the reiuia- 
der carefully screened, and the whole spread on the tloor and left several hours, so Ultl 
when finally weighed, but little moisture remained. The following table shows iha 
weights of the several parts : 

Aahes and clinkers from ash-pit, dry, pounds 134,875 

Coal from ash-pit, dry, pounds IS.SH 

Ashes from grate, slightly damp, pounds 73.000 

Clinkers from grate, pounds &8. 000 

Coal from grate, pounds 900. W 

Total coal from retuse, pounds 



37*.«! 

Total ashes and clinkers, pounds 2B4.3TS 2W.im 



t Total from ash pit and grate, pounds 
Aahes In ash-pit before flaal shaking, estimated, pounds. 
Ini 
■q 



Tolal from grste. pounds 

The fire on the grate at the beginning of the test wa 
Inches deep, or at an average, say, of B.S Inches. The * 
square f«et. and the volume of coal, therefore, 13.89 x 0-7 
M pounds per cubic foot, equals 480 pounds. 



ST4.1H 



I estimated to ba trom eid > 
'ea of the grate vu 1S.H 
= 9.00 cubic feel. whkli,il 




The ac^tual wefglit of UQcoDBumed coal on the gmle al ttie begimilng of the leul wia 
Bndoubledl}' Irbs Ibaa Ihia, as the volatile matter aad molaturp, logelher amouDtliiK to 
alHiut 0,16 per cent., must Lave diaappeart^d. This would reduca the weight by 
0.1)616 X 486 = 30 poands nearly, leaving 458 pouoda as the weight no the grate at the 

H The difference between ihe oomputed weight of coal and aahea on the grate at the 
Kginning, and the actual weight uf coal Inuadat tbeendof the test, appears aa follows: 

Coal and ashes at the beginning, computed, pourids 4S6.000 

Coal at end, weighed, pound* 379. 87S 

To be accounled for. pounds 176.126 

was aceordinglj agreed to add to the ooal account twoeitrachargea.or 140 poundii 
} allow the balance, 36.125 pounds, to stand for ashe^ and olher poaHlble losses in 
re at the beginning. The tolal weight of coal charged to the test la, therefore, 
^4.3 + 140 =3,774.5 pounds. 

The total weight of ashes found on hauling the Sre waa 294.873 poundi. Thlg 

W^ht includep, of course, whatever ashes were in the Bm at the beginning of the test, 

Wliich aiioatd b« deducted in order to Hod the true weight to be charged to the test. 

Assuming 36 12.} pounds »>« the weight to be deducted leaves the balance, 2(r4.373 — 

12S = 3S4 2a pounds to be charged as ashes, which amount cannot be greatly in error. 

The percentage of ashes and cliokera is then equal to -^r»Ve X 100 ^ 6,844, which, 
DDsideriQg the cire eiercUed In Qring, m>7 be ri?|);ardt^ is ■ fair result. 
r The water was measured to [be boiler by means of a brais Worthlngton water.meter 
I'lttUBled midway betweeu the heater and the boiler and counected in the usual way with 
f'l by-pass valve. Tha temperature of the water was taken bj a thermometer screwed 
IbIo the feed-pipe at the meter, and also by drawing water from a cock la the Feedpipe 
close to the boiler. Care was taken to prevent losses of water and steam to the other 
boilers. A blank Range was inserted in the pipe connecting tlie two adjacent bollera, 
the several valves in the fevd-plpe leading to the old boilers were closed tightly, and 
the feed-pipe from the North Engine waa disconnected. The aleam valves of the sev- 
eral boilers were also closed, and the drips in the connecting pipes opened, one between 
the two adjacent boilers, one in the pipe leading from the old boilers, and one from the 
■stety-valve case. The pipe supplying the aleam heating syatam was diaconaecled and 
jlogged. After the lest had been running a short titne the steam-pipe close to the 
^orlh Engine waa found to be warm, showing a leak ; the drip-pipes from Che cylinders 
hnd K team- jackets of this engine were then disconnected, and the leakages from them, 
[m well as from the steam-pipes about the bailers, collected in buckets, weighed and 
[Mttered on the log. 

\ As an additional precaution the boiler not in us^ was kept under steam at nearly the 
Hme pressure as the boiler in use. and the height of water in the gauge was measured 
from lime to time lo note any change. Frequent and careful examinationB failed to 
reveal any appreciable leakages other than from the drips as recorded. It was consid- 
ered not advisable lo separate the boiler in use from the other boilers and the North 
Engine by blank Hsnges, owin^ tolhe liability to be called on at any moment to respond 
to a fire-alarm, which might require more power than a single bolli'r and engine could 
supply. 
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The following tables show the losses bj leakage, and the steam used In the ealo 
rimeter. 

LEAKAGES ABOUT BOILERS. 



• 


Tims, Houbs. 


NUMBSBOF 
POUITDS. 


NUIUIIBOT 
POUXDI 

FOBEanii 

Tmt. 


1 l.OO A. M. to 2.00 P. M 


3. 

3. 

8.5 

3. 

2.5 

3. 

8. 

8. 

24. 


.80.5 

27.0 
82.5 
80.5 
20.5 
81.5 
43.5 
81.0 

246.0 
10.25 




2.00 p.m. to 5.00 p. M 




5.00 p M. to 8.30 P. M 




8.30 P. M. to 11.80 P. M 




11.39 P. M. to 2.00 A. M 




2.00 A. M. to 5.00 A. M 




5.00 A. M. to 8.00 A. M 




8.00 A. M. to 11.00 A. M 




Totals 




Averaizre number of Doands Der hour. 




Total for 25.25 hours 




258.812 


Safbty Valve. 
5.00 P. M. to 6.00 p. M 


1. 


1.0 




Total for 25.25 hours 


25.250 



LEAKAGES ABOUT NORTH ENGINE. 



Cylinder Drips. 



11.80 a. M. to 2.30 p. M 
2.30 P. M. to 5.30 P. M 
5.30 P. M. to 8.30 P. M 
8.30 P. M. to 11.30 P.M. 

11.30 p.m. to 2.30 A. M 
2.30 a. M. to 5.00 a. M, 
5.00 A. M. to 8.15 a.m. 
8.15 A.M. to 10.80 A. M 



ToUls 

Average number of pounds per hour. 
Total for 25.25 hours 



Jacket Drips. 



2.00 p.m. to 6.C0P.M. 
6.00 P. M. to 10.00 P.M. 
10.00 p. M. to 2.00 A. M. 
2.00 a.m. to 6.00 a.m. 
6.00 A. M. to 10.15 A. M. 



Totals 

Average number of pounds per hour, 
Total for 25.25 hours 



3. 

8. 

3. 

3. 

3. 

2.5 

3.25 

2.25 

23. 



4. 

4. 
4. 
4. 
4.25 

20.25 



Calorimeter. 



11.40 a. m. to 12.40 p.m. 
6.00 p. M. to 7.00 p. M. 



1. 
1. 



Total steam losses for 25.25 hours, pounds, 



15.00 
14.00 
18.50 
14.25 
18.00 
13.00 
15.00 
12.00 

109.75 
4.771 



15.50 
16.50 
15.00 
13.75 
15.00 

75 75 
3.74 



54.018 
54.018 



120.467 



94.452 



108. 



607.018 



[ 




As vlis evRpontioo wm tound to be tiigli, a thermometer cup < 
«heet'iroD cover of the smuke Hue at the le&r eDd of the boiler, and the lempemlure 
takea with B(.<r«eD tb^rajDUieter duriog the lailer psn of (he test; it was found to 
varv but little from 254" Fahr.. which hks coosiderablf below the temperature at the 
■learn. The temperature of the gases undoubtedly fell somevrhal Id paaaiog from tlie 
(roDl of the boiler ihroagh this Due about 20 (eet to the thermomtfier. and it la fair to 
Msutne that the f^aseB left the boiler at about the same temperatui 
ibat there was DO loss of heit up the chiUDey. This, together wttli the very large 
ritia of beating surface to grate area and the shillfiil lirlng, servo to explain vrhat 
ulberwise might appear to lie an unusually high evaporatioo. 



The water-mete 
Ulowiag results ; 



refully tested by welgblog the water discharged, with the 



I.. 


Pr«»ur>. 


Teiiil»nitur«, 
F.br. 


Number or 


TOU.I «.l«b.. 


WtlKUljwr Cubic 
Fuul, POBIidi. 


1 i 

4 


80. 

sDtoeo 

13. 
«to80 


101. 
M.G 
104.0 
101.5 


COS 
. 6.00 

e.oo 

6.00 


298.0 
8M.9 
&>3.S 
8M.6 


W.OIO 

fis.oes 

68.016 
60.083 






100.25 

















' The average temperature of the feed-water at the meter during the test was 1IB.37 
Itegrees ; and the weight per cubic foot at this temperature loay be found by lianklne's 
Ibnnula, as follows : 

h 



~ T -h 4fil 



jy. — in which 1), = weight 






T" Fah., and Dg = weight of 1 cubic tool al Sfl" . 1 Fah. = 63.435 pounds. 
,....».._ 2 X 02.4M _ 134 85 _ 



000 sm.35 



= 63.01046 poauds. 
= 61 ■ 738 pounds. 



I 



irat nil". aV equals 



«-i.ai(j4u'' 



.023= 58.78:13 |« 



PERFORMANCE OF BOILER. 

Duration of test, hours 25.25 

Fvel ; anthracite cool ; " Lehigh " lump ; 

Total amount Bri'd. pounds 3,634.60 

Amount added to make Are as good as at beginning, pounds 140.00 

Total amount charged to test, pounds 3.774.60 

Ashes and clinkers; total amount charged to teat, pounds 258.25 

Combustible; total amount, pounds 3JS16.25 
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Fuel ; anthracite coal ; " Lehigh " lump : 

Percentage of ashes and clinkers 6.844 

Pressures : 

Steam pressure ; average, pounds per square inch, gauge 79.025 

Barometer ; average, inches 29.754, pounds 14.611 

Steam pressure ; average, pounds per square inch, absolute 93.6S6 

Temperatures ; average, degrees Fahr. : 

Feed-water at meter 119.37 

Feed- water at boiler 116.19 

Flue-gases 254.30 

Fire-room 79.70 

External air 15.70 

Water Level in Boiler ; above bottom of gauge glass, inches : 

Height at beginning of test 7.8 

Height at end of test 7.7 

Average height during test 8.34 

Water, as measured by meter : 

Meter reading at the beginning 607.00 

Meter reading at the end 1295.60 

Total number of cubic feet by meter 688.60 

Weight of 1 cubic foot bj meter 58.764 

Total number of pounds fed to boiler 40,464.75 

Quality of steam d^. 

Bhaporation under actual conditions: 

Number (Sf pounds of water per pound of coal 10.720 

Number of pounds of water per pound of combustible 11.508 

Factor of evaporation 1 .1348 

Evaporation from and at 212** Fahr. : 

Total number of pounds of water 45,920.36 

Number of pounds of water per pound of coal 12.166 

Number of pounds of water per pound of combustible 13.059 

Bate of Combustion ; per hour : 

Number of pounds of coal burned 149.485 

Number of pounds of coal burned per sq. foot of grate area 11.620 

Number of pounds of coal burned per sq. foot of heating surface 0.156 

Bate of EvaporcUion under actual conditions ; per hour : 

Number of pounds of water evaporated 1602.565 

Number of pounds of water evaporated per sq. foot of grate area 124.577 

Number of pounds of water evaporated per sq. foot of heating suzface. . 1.6?3 

Bate of Evaporation fro7n and at 212 degrees; per hour : 

Number of pounds of water evaporated 1.818.627 

Number of pounds water evaporated per sq. foot of grate area 141.374 

Number of pounds of water evaporated |>er sq. foot of heating surface. ... 1. 

Horse- powers developed on the basis of 34.5 pounds per H. P 52.71 

Disposition of Heat : 

Number of heat units per pound of coal, estimated 15000. 

Number of heat units transmitted to water in boiler per pound of coal 
12. 166 X 966 = 11.752. 
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HipotHioa of Beat : 

Temperature of furn«ce, degrees FaLr,. estimated 

Trmperalare of boiler room, degrees F»Ur 

Temperatufe of furnacn above temperature of boiler room, degrees Fab, S 
Temperature of flue ga^es, tlie bbius an temperature of eteam, degrees Fah. 
Temperature of the steam above teuperature of bailer room, degreea FaL. 
Number of heat units passing to chimney, g-— x 15000 = 1 

Number of heat units accounted for ...IE 

Number of beat units lost by radiation and otherwise 1 

Percentage ot heat transmitted to nater in boiler 

Percentage of beat pasaiug to cbimnoy 

Percentage of heat lost by radiation and otberwlse 



78.3 

10.5 

11. a 



UIMENSIONS OF ENCJINE. 
(Ae taken from Contractor's Drawings.) 

boko of pistons, nominal, Inchea. 

Sgh-Pre*ture Vylinder : 

Stroke ot piston, actual, inches 

Diameter of pistim, inches. 

Diameter of piston rod (one). Inches 

Area of lop of piston, iijuare inches 

Area of bottom of piston, square Inches 

Average area of both faces, square Inches 

Stroke dlsplat:ement of top of piston, cubic inches 

Stroke displacement ot bottom of piston, cubic iucUea 

Average stroke displacement, cubic inches 

Tolunie of clearance and steam passages at one end ot cylinder, cubic 

Total volume of displacement and clearance, top of piston, cubic feet. . 
Total volume of displacement and clearance, bottom ot piston, cubic feel 

Average volume of displacement and clearance, cubic feet 

Batio of clearance to stroke di<!placement of lop of piston 

Batio of clearance to stroke displacemeut of bottom of piston 

Batio at clearance to average stroke displacement , 

* Area ot steam port, square indies , 

Area of exhaust port, square inches , '. 



7,054.7 
7.491. B 
7,573. a 



31.8 



■PrtMwrt Cylinder: 

Blroke of piston, actual, inches 

IKameter of piston, inches 30 

DlameteTot piaion-rods (twoj, inches 3, 

Area ot lop ot piston, square Inches 1.017. 

Area of bottom of plsion, square inches 990. 

Average area of both faces, square inches 1,008..'>9'I 

Stroke displact-ment ot top ot piston, cublclnehes 30,SS3.15 

Btroka displacement of Ijoitom of piston, onblc inches SQ.SMiSO 

Average stroke displnoement. rubic inche-. 80,844.88 



2B,98T 
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Low-Pressure Cylinder: 

Volume of clearance and steam passages at one end of cylinder, cubic 

inches 775.5 

Total volume of displacement and clearance, top of piston. Cubic feet. . 18.113 

Total volume of displacement and clearance, bottom of piston, cubic feet 17.790 

Average volume of displacement and clearance, cubic feet '. 17.952 

Ratio of clearance to stroke displacement of top of piston ^ 0.0254 

Ratio of clearance to stroke displacement of bottom of piston 0.0259 

Ratio of clearance to average stroke displacement 0.0256 

Area of steam port, square inches 21 .9 

Area of exhaust port, square inches 43.75 

Condenser : 

Exhaust pipe, diameter, inches 7. 

Condenser, volume, cubic feet 8.97 

Injection pipe, diameter, inches 4. 

Air-Pumps : 

Number 2. 

Diameter, inches 12. 

Stroke of piston, inches 14.5 

Displacement of one air-pump piston, single stroke, cubic feet 0.942 

Feed-Pumps : 

Number 2. 

Diameter, inches 3. 

Stroke, inches 7.25 

Displacement of one feed-pump, single stroke, cubic feet 0.0296 

High-Pressure Conneeting-Rod {one) : 

Length between centers, inches 26. 

Diameter of journals, inches 4. 

Length of journals, inches 4.5 

Lots-Pressure Connecting -Rods {two) : 

Length between centers, inches 26. 

Diameter of journals, inches 4. 

Length of journals, inches 2.75 

Main Conneeting-Rod: 

Length between centers, inches 87 .5625 

Diameter of journal, beam end, inches 4.5 

Length of journal, beam end, inches 5.25 

Diameter of journal, crank end, inches 12. 

Length of journal, crank end, inches x 8. 

Beam : 

Distance between beam-center and connecting-rod centers, inches 23.25 

Diameter of beam journals (two), inches 8. 

Length of beam journals, inches 

Fly- Wheels : 

Number 2. 

Diameter, feet 10. 

Side of rim (square), inches 9. 

Area of rim, square inches 81 • 
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Fl)l ■ Wludi : 

W«l(;ht or rim. pounds 7,858. 

Weight of ail apokeB, pounds 1 1,019. 

Weigbtofimb, pounds 1.890. 

Total weiglil of one ajwlieel, pounds 0.fi21i. 

Diameier ot crsnk-sliBft journala (two), inches 13. 

LenglU of crank -sLaft journala, incliHe. 15.5 

ENalSE TEST. 

t'nder tliis bead will be considered tbe action of that part of the niacLine dirvolfd 
to the working of tbe atpam. 

Tbe Eipam was taken from the top of the Bteam dome, and brought to ihe engJne 
tlirr-ugli aljout 10 feel o( ti hiub pipe and 28 (eet of 5-inoli pipe, pnasing on its way three 
valTPS and eight right-angle turns. Tlie pipe was Iborougbiy protected agatnat losses 
by radiation, and the steam was delivered at the throttle free from moisture. The 
average steam presBure at Iht- boiler was 79.025 and at the tbrottle 75.6B8 pounds per 
sijuare inch by the gauge. Tlie fall of pressure from the boiti^r to tbe throttle was then 
neorlv 8.8 pounda; a slight additional fall took pla^w on entering tbe cjlinder, aa shown 
by the indicator. 

The valves of the high-pressure cylinder were set to cut-off at a little leas than three- 
teolhs of the stroke, slight cbangen lieiiig made doritig tbe night and in the morning as 
lliu consumption of water In llie city chnnged, 

Tbe eipanal'in of the steam was cnntinuoua from the high-preaBnre cylinder through 
tbe low.pressttre, with a drop between tbom ot about 1 pound. 

The average final prepare il tbe end of tlie eipAniion Id tbe 1ow>pressare cylinder 
was 0.66 pounds absolute. The condenter pressure was 2,1)9 pouuds. This fall in 
prersure. with the exception of about 1 ponnd at release, was gradual to tbe end of the 
return Btruke, where it was sensibly rqust to the condenser pressure. 

The Bteam after being condenaed was delivered by the air-pumpa to the houwell from 
which the boiler feed-pump took its supply, the balance going to waste. 

Tbe steam for the jackets was taken from tbe main steam-pipe near the engine, the 
pressure In the jackets bc'iug the same as at tbe throttle. Tbe drip from the jacket* 
was conducted to a Nason steam-trap close by the engine, from which it was discharged 
through the heater into the hot. well. The sixe of the discbarge-pipa from the trap was 
J^-tnofa and the length, 13 feet to tbe beater, and 19 feet from the beater to the bot- 
well. The feed pipe to the heater was 14.6 feet of IJ^-lncb, and Q feet of 2-inch pipe; 
and from the beater to the boiler, 34 feet of S-incb pipe. Tbe meter was placed II feet 
from the healer, and connected to the main feed-pipe with 7.6 feet of li.j-in,ch pipe. All 
pipes were covered with Standard Insulated Air Covering' Jg-inch thick. 

Tlie aleam pressure in the main steam-pipe and jackets and the vacuum, were taken 
from the regular engine gauges on top of the engine. These gauges were provided 
with special connections for attaching staiidard gauges tor couiparison while tbe engine 
waa in operatina. Several compariaone were made during the lest, and the differences 
noted on the log, 

Tbe revolutions were taken from the engine counter, and also by a dilTereut observer 
hy eonntiog. as a check upon the engine counter, the two results agreeing very closely. 

Two Thompson Indicators were attached to the steam cylinders, one to each, and 
nrds were taken every balt.hour during the test, except between 11.00 P. a, and 6.0O 
A. K., when Lourly cards were taken. Only tbe hoi.rly cards have been workeil op and 
nsed in this report, however. 




Tlie qaalitf of the aleBm was determiDed b; means of > Barras Uaivereal Qilo- 
rimeter attached to the throttle- valve case. This Inatruinent was lo operation onljr 
twice : once between 11.40 A. x. and V2A0 P. ».. and again hetween 6.00 and T.IKJ P. K. 
In bolli csaes the steam was fouod to bu perfectly dry. 

Till! temperature of the diacliar^a water from the condenser was taken from a 
thermometer screwed Into lUe discharge pipe close to the hot well ; the temperalnre of 
the injection, being tUo same aa that o( the water pumped, was not separately observed. 

With ihe eiception of short intervals when elevators were in operation, or the rail- 
road tan Ic was being tilled, the engine worked with BmootlinesH and re^iitarity. Mxat 
of the elevatore were out of service during the teRt, and but little trouble was eiperi. 
enced from this cause. It should be noted, however, that when tlie elevators are id 
nervice, the variations in speed are at limes anmewhat exceBaire, and accompanied L; 
violent slamming of the pump valves. It is unavoidable that these valves should sUai 
when the number of revoluliona exceedi a certain limit. 

The acceleration of the engine due to a sudden fall of pressure la the water mains 
when a large valve, as an elevator valve for instance, is opened is lo be expected, and i« 
of course necessary, in order to restore the normal preasure under the increiased flow. 

The action of the liy-wheels is to retard this acceleration, so that a somewhat longrr 
time 1h required for the engine to reach the necessary Ineroaaed speed. Again will 
this Increased speed, when the elevator valve is as quickly closed, ihe inertia of the 
Hy-wheela tends to increase the pressure In the water imiitis beyond the normal during 
the lime that is required to restore the original conditions of speed and pressure. It 
follows, therefore, that for sudden fluctuations of pressure in the pumps and water 
mains Ihe fly-wheel Is objectionable rather thau beneficial.* 

The principal function of the fly wheels is then lo maintain a uniform speed of th* 
tfiigino under the variaiioD of pressure due lo eipanoion in the Hteuii t^Hnder. and Ibii 
apparently is well provided for. 

A certain amount of fluctuation of pressure in the pumps and water mains is 
nnavoidable in this class of pumps, and is dne to the fact that both plungers come to 
real at llie same time. This fluuctuation Is reduced by the air chamber an amonul 
depending upon Its capacity. The flucloatlolis due to this cause observed during ibe 
test were not sufliclent to be objectionable. 

Although the jacket-water was not measured, it may with certain assumptiona be 
figured with more or less accuracy The arrangement of the feed-water heater w«« 
such that it is probable that the temperatare of the jacket. water was reduced to lh« 
temperature of Ihe feed-water entering the healer, which was the same as tUe temper. 
alure of the hot-well. The temperature of the jacket-water being known from tlw 
steam prFsaare, and the temperature and weight of the feed-water being kaown^l^^^H 
computation becomes very simple, and is an follows : ^^^H 

Temperature of jacket-water In degrees Fah., from the average steam preasnre |^^H 

(00.31 pounds sbaolute) 390.9^1 

Average temperature of hot-well 04. MT 

Fall )o temperatureof jacket-water 326.3!) 

Average temperatureof feed-water at meter .' 118,370 

Average temperature of hot-well 94. MT 

Rise in temperatureof feed-water , 25.333 

Total weight of feed-water per hour, pounds 1,002.11 

• Tho »ani« objectlooH apply lo the dinttl-aoUng lype of pumping tnglnH. npeclallr wIibp a «Ddd«n 
rallotprMiurB in Ihe "Liter mnln oecun, u Ihe pLulona «■• nol onlj- ImlBnlly Mceler»t»d, canstogeaddea 
fluclullimxirwalrrpreisdra, but nre likely la Iravelbsyondlheli'ilroka ind atrtka the oylUider heads, 
whleh o«nnol hiippon wllh ■ crunk and ily-wheel englnB,— UnLLT Mra. Co. 
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Number of heat unitB absorbed by feed- water per hour 40^70.28^ 

Number of pounds of jacket-water, per hour =^ ' ' = 179.38 

Percentage of jaekeUwater 11 .8ft 

The result is about what might be expected for this class of engines. The heater 
and all connecting pipes were thoroughly protected against loss bj radiation. As the 
temperature of the feed -water was not far above the temperature of the basement it 
would lose onlj a small amount of heat. The steam-trap appeared to work properly, 
so that very little or no steam could have blown through it ; and the pipe from the trap 
to the heater being small and short, it is not probable that it lost much heat. 

The conclusion must follow that the result is at least not unreasonable. 



PERFORMANCE OF ENGINE. 

Duration of lest, hours 25.25 

Steam Used: 

Total number of pounds of water supplied to boiler 40,464.75 

Total number of pounds of water due to leaks, caught and weighed. . . 607.02 

Total number of pounds of steam delivered to engine 89,857.73 

Number of pounds of steam delivered to engine per hour 1,578.52 

Quality of steam Dry. 

Coal Used: 

Total number of pounds charged to boiler 3,774.50 

607 02 

Total number of pounds equivalent to leakages ' ^ = 56. 63 

Total number of pounds charged to engine 3,717.87 

Number of pounds charged to engine per hour 147.24 

Cambustibls Ussd: 

Total number of pounds charged to boiler 3,516.25 

607 02 

Total number of pounds equivalent to leakages ' = 52 . 75 

Total number of pounds charged to engine 3,463.50 

Number of pounds charged to engine per hour 187.09 

Steam Pressures; average, pounds per square inch, gauge : 

At boiler 79.025 

At engine 75.698 

Barometer, inches 29.754 ; pounds 14.611 

Steam Pressures; average, 4>ounds per square inch, absolute : 

At boiler 93.636 

At engine 90.309 



Fall of pressure from boiler to engine, pounds 3.327 

Vacuum in condenser, inches 25 . 54 

Vacuum in condenser, pounds per square inch 12.52 

Pressure in condenser, pounds per square inch 2.09 
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Teinperatmrei ; aTenge, degrees Fakr. : 

Injectioo wmter 50.5 

DbdtfLjge water, hot-well »4.05 

Engine room 67. 

External air 15.7 

Rettolutiona : 

Counter reading at beginning 116,590. 

Counter reading at end 157,511 . 

Total number of revolutions 40,921 . 

Average number of revolutions per hour. 1,620.684 

Average number of revolutions per minute by counter 27.01 

Average number of revolutions per minute as counted 27.03 

Pitton Speeds; average, feet per minute: 

High pressure , 135.414 

Low pressure 134.991 

Average of both pistons 135.202 

Mean Effective Pressures ; average of hourly cards, pounds per sq. inch : 

High pressure cylinder, top 46.796 

High pressure cylinder, bottom 47.397 

High pressure cylinder, average. 47.096 

Low pressure cylinder, top 7. 178 

Low pressure cylinder, bottom 8.200 

Low pressure cylinder, average 7.6 



JottU Effective Pressures on Pistons ; pounds : 

High pressure piston, top 11,908.177 

High pressure pistou, bottom 11.804. 700 

High pressure piston, average 11,856.438 

Low pressure piston, top 7,306.340 

Low pressure piston, bottom 8,194.400 

Low pressure piston, average 7,750.870 

Top of high pressure and bottom of low pressure pistons 19J214.517 

Bdiom of high pressure and top of low pressure pistons 19,999.100 



Horse-Powers : 

ffigk pfesaure cylinder, top 24.429 

ffigk pNSsnre cylinder, bottom 24 .316 

cylinder, total 48.645 

blinder, top. 14.943 

cjllnder, bottom 16.758 

Cjlinder, total 31.700 

MlMginefl 80.345 



■ of fteam per indicated horse-power per hour 19.647 

4 ooal per indicated horse-power per hour 1 .8336 

imbustible per indicated horse-power per hour. 1 . 7063 
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; aTeia^ of $ cuds : 

'See tabie iallovii^. k 

Number of foodv •< fltoaa defivvred to cfl«|M per bow lATS.S 

Xnaiber of povafc of fltoOB driHeted to cagioe per itroke O.-t?* 

Pounds per Stnka; oveniBe of boib fciokes : 

Higb |in— le WL cat-off tt-SS oookev 0.2990 

HIgb piiiaie tt vrieve 0.59M 

Low pi I —le ot btgioMiog tftJM Hioke 0.27^ 

Lowpii— letnitow 0.»» 

Poumdiper Hmmr; svenge of boib Kiokcs : 

High pi I Moie at cot-cff tO.» moken fO.SI 

High prei—fe tt wIiom I ili*. IT 

Low picjso ie ot begioong (QlM strokei MiL^.yl 

LowpRWue as leMoe lJM«.ti 

Pereeuta^ mf 9lmm Atem'»^J£d F^ ; OTcnge of b(Kb strokes : 

Higb jneoMie as cot-off \OSS stroke; #0. 17 

Higb pressare as relcoae •.0^ 

Low preaaaie at begianiag<0.<^ stroke ^.1«S 

I iia fill will SI niiaif M.31 

*Xamber of poaada of stcoB dclirered to jackets per boor, eompatcd YT^.k 

Number of poowls of steam deliTered to crliiiders per boar 1 ^fil^. <^ 

Namber of poaada of stoam deiiTered to cjliaden per stroke i^.-i^l€ 

Perceatage of stoam deliTered to jackets :i .35 

Percemiafft ^fSUmm AeetmmUd F¥r i» Cpiihd^rt ; aTeiage of b?ui S3;vk«» 

Higb pressare at coi-off »OJ$J stroke* *T.!««* 

Higb prcasare at relcoie H.M 

U>w preasaie at begianiag <OiM stroke 44.41 

Low preasare at release T4.>1 

Pertentmge of Steam ia Cyiimden for Adiniritie £xpdAfw« \t Ui9ntioa^ : 

Higb preasare at cat-off 1 0.33 stroke < €7.!^^ 

Higb presaaie at release ^.^> 

Low preasare at begianing ■ 0.*>l stroke* ^ . T$ 

Low pressare at release - - • - ^I . >*S 
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DIMENSIONS OF PUMPS. 

Stroke of plangers, nominal, inches 30. 

Diameter of plungers, nominal, inches 20. 

Diameter of plunger rods (two to each), inches 8 . 

High'Preuure Plunger : 

Stroke, actual, inches 80.081 

Diameter, actual, inches 19. 998 

Area, square inches 314. 1056 

Stroke displacement, cubic inches 9,448. 608 

Stroke displacement, cubic feet 6.4679 

Stroke displacement, gallons 40.903 

LoW'Preuure Plunger: 

Stroke, actual, inches 29 987 

Diameter, actual, inches 20.013 

Area, square inches 814.5658 

Stroke displacement, cubic inches 9,432 . 872 

Stroke displacement, cubic feet 6.4588 

Stroke displacement, gallons 40.885 

Total displacement per revolution, cubic inches 18381 .48 

Total displacement per revolution, cubic feet 10.9267 

Total displacement per revolution, gallons 81 .788 

Valtee : 

Style, brass with rubber face " Troy." 

Number of suction valves in each pump 91 . 

Number of discharge valves in each pump 91 . 

Total number of valves in both pumps 364. 

Diameter of rubber valve discs, inches 1 .75 

Thickness of rubber valve discs, inches . 5625 

Weight of one valve, pounds 0.5412 

Diameter of clear opening in seat, inches 1 .3125 

Lift of valve, inches 0.3125 

Area of rubber valve disc, square inches 2 . 405 

Area of clear opening in one valve seat, square inches 1 .353 

Area of cylindrical opening under one valve face when open, square inches, 1 . 286 

Total area through valve seats in one set, square inches 128 . 12 

Total area through valve seats in one set, square feet 0. 8550 

Total area under valve face when open in one set, square inches 117.26 

Total area under valve face when open in one set, square feet 0.8143 

Ratio of greater valve area to plunger area 0.891 

Ratio of lesser valve area to plunger area 0.841 

Weight of one valve per square inch of opening in seat, pounds 0.400 

Weight of one valve per square inch of area of bottom of disc, pounds. . 0.225 

Suction Main: 

Length, approximately, feet 75 . 

Diameter for 14 . 6 feet, inches 16 . 

Diameter for 60.5 feet, inches 20. 

Area of the 16-inch pipe, square inches 201 .06 
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PLiMP TEST. 

TliH water was iskeii fram [lie well OQ the nnrih side of the pump Iioum and 
brougUt to Ihe pumps [braugli about 60.6 tuet at 20-lacU pipe and 14. fi fe«t of IG-incL 
pipe, the smsller pipe beiugneil to the puiupa. The aO-inaU main contained tliree long 
sweep quarter-turn bends, and waa connected to the 16-incli pipe at right augles to it bj 
a lee. The water was delivered bj the pumps through a IG inch pipe dtrtxtlj' into the 
dtj mains, no reservoir or atandpipe being naed. The excess of water over the regular 
consumplion was wasted through a fajdrant, a man being stationed nt llie hvdrant to 
regulate its diacbarge as the coDHumption in Ibe ell; varied. In this waj a pmcticalt; 
nnitortii pressure and speed were maintained throngbout the teat. The etevatar serrir* 
about the city was generally discontinued. At times, however, when elevaiore vrere Bur 
repliiioual}' used, and oo two occasions of about five minutes each when the railroad 
tanlt was being Gtled. the pumps speeded up eonsiderably . 

The pump valves were not eisiiiined at Ibe time of llie test, but it was apparent 
from their action that thej were io good order. The; bad been examined a few dajs 
before the test and found to be perfect. The priming valves wi-re carefully examined 
before the teal, and at several times during the test, and were found to l>e tight. Tbe 
plunger packing was In good order, and tlie pumps worked without undae friction. 

The conlrscl piston speed of 135 feel pot minute was exceeded sligbllj dnring 
the test, the actual speed being 135.202 feet. As the coalracl stipulates that the 
capacity of the pomps shall be determined bj the plunger displacement, tber« was do 
occasion to measure Ihe slip ; nor would It have been possible except by elaborate and 
expensive preparaiioDs, In several instances where the slip Las been meBsur«d. It luu 
been found not to exceed S.S per cent, for ihia cla«a of pumps 

The capacity per day at 135 feel piatoo speed was found to be 3,174,400 U. S, stand- 
ard gallons, which exceeds the contract requirement of 3,0(10,000 gallons by 1T4,4W 



!i probable slip of 2,5 per ceni..ihei« 

as determined in several ways, *s fol- 
I, by indicators placed on the suction 
.ion and prritsure mains, and by tbe 
II. These several methods were nsed 
ing the action of Ihe pompa, valves. 



gallons, or 5.815 per cent. Assuming a niaxi: 
remains still n very aafe margin of 3.315 pur cent. 

The head against which tbe pumps worked wa 
lowi : By indicator placed oo the water cylinder 
and pressure maina, by gauges placed on the suet 
regular gau^ on the en^cine and a lioat in the wel 
In order to secure as much data as possible covi 
and eonnectlng pipes and passages. 

Tabor Indicators with 60'pound springs and a special sncllon spring were used on 
the water eylinder«, one at the top of each, and connected by short i|^-tncli nlpplm and 
nducinK elbows, Thompson Indicaiora with 40 and lO-pound springs were osed on the 
mains; the indicator on the pressure main was attached to a short 4-iDeb pipe on the 
bollom of tbe main by Ji-inch connections, and llie indicator on the suction main to the 
lop of the pipe by L^-inch connections. Two very Gne spring gauges were placed no 
Ihe mains, one by the side of each indicator, and connected to the mains by tha MimB 
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■ pfpM. TLe presanre gau^ was graduoted !□ one-pound divisioi 
' e^age in >{-Jocb. il[vi*iona. Tliearrangfu^utof tlieae tcstmiuHDts U 
The Tertical distances ot the plntona of the indientors on the 
pressDrv main, and of Iho center of tlie presHure ^suge, from theceu 
diapUcemeiit. were carefully deteriuined na follows : For the indici 
dera 



i. and ihe vacuum 
bUowu on Plate lit, 
VBter cylinders and 
srof pumppluuger 
,ora on water cylin- 
1. 19. ~5 inclmti: for Uiu Indicator on the ptesiuremain.O inchea; and fortlieprrsaure 
I gauge. IJ.2.1 incUea. The corr«ii[H)Dding preaaurea are O.Tia, 0,323, and 0.478 pounds 
reBpeciivel;, which are additive for preNsurea, sod tbi! dtsl subtraclivu for auctiaus. 

Tiie correction for the Indicator and ^iige on the auction main ia thu distance from 
the tup of the pipe to the center of plungf r diaplacemeut. instead of from tlie centers of 
o 13.2S Incliea, or 0.41S pounda, which ia additive. TLii 
»n«j»i first aiglit appear to b« incorrect, but when it lacoQaidered that a psrliai vacaum 
exiala in llie connections of these instrumenla, the tenduncj is for the water to draw 
*>ul of them, leaving them empty or nearly so. 

a aeries of eiperiuienta performed in the Meclianica] Laboratory at the University 
*>t Michigan, in which the couubctiuua of a gauge on the suction of a pump were made 
^>t glsas tubing, no water waa found to sland above the suction pipe : the water Uuctu- 
■-tcd with the motion oT ibe puiiip. abooiing up and diaappearing witb every stroke. It 
'^ill also he apparent that unless the air Is allowed to escape from the connections of 
i:>re(sure gauges, an error may arise In correcting for their position. The pressure 
feiuge connections were allowed to leak a ttiHo at the coclc in this teat, and oo error of 
It Itiud exinled. 

A datum waa ealablished by lUe city engineer. Mr. Frank C. Batch, at a convenient 
point on the plalforui in l!ie well IS feet lielow the center of the gauge on the engine. 
The vertical distance between Ihia datum and the water level was uieaaured by u copper 
Hoai placed In a pipe to prevent swaying with the wuter currents, and couuected by a 
cord over a pulley to a weighti-d index. A Chesterman tape-line graduated in tenths of 
A foot was lacked to a suppOtt behind lli« index. S6 that at the beginning of the test the 
aero of the tape was at the water level. The dialance to the water was then read 
directly on the tB|>e. The temperature of the water pumped waa takeu by drawing 
waler from the pressure main above the valve chambers. ^ 

The stroke of the pump plungers was measured by securing a amooth pine board 
between the plunger and cross head in a vertical position, and tracing a series of lines 
upon its surface with a Huely-pointed hard pencil held lirmlj on the frame. The board 
waa then removed and tlie lioca measured by two observers with a ;l(i inch Starrutt rule 
graduated in ime-hundredtha of un inch. Thia rule waa afterwards compared with ■ 
SO-lncti Brown i Sbarpe slondord, nnd found lo agree at 30 iochea. ' 
of the different lines were as follows ; 



H. P. Pl-USIIKU. 

Ko. 1 30.OP5 inches 

S 30.080 



li. P. Plukgi 
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The diameter of the plungers was measured both with calipers and by means of a 
very thin steel tape. The caliper points were carefully beveled to an edge on the same 
side and rounded off, and the measurements taken on the Starrett rule. 

The Starrett rule and the tape were found on comparison with a Brown & Sharpe 
Standard not to agree at the points of measurement. The Brown & Sharpe rule was 
assumed to be correct. The corrected measurements were as follows: 

Calipered Measurements : 

Diameter of H. P. plunger, inches 19.986 

Diameter of L. P. plunger, inches 19.996 

7 ape Measurements : 

Circumference of H. P. plunger, inches 62.840 

Circumference of L. P. plunger, inches 62.886 

Diameter of H. P. plunger by tape, inches 20.00255 

Diameter of L. P. plunger by tape, inches 20.01718 

Average thickness of tape, inches 0.00428 

Diameter of H. P. plunger as corrected, inches 19.9983 

Diameter of L. P. plunger as corrected, inches 20.0129 

As it requires much skill to make accurate measurements of large bodies with cali- 
pers, especially when the bodies are wet, it is safer to depend on the tape. The thick- 
ness of the tape should, however, be allowed for. 

A series of measurements was made after the test in the Mechanical Laboratory at 
the University of Michigan on a carefully turned and polished 16-inch pulley, with a 
view to testing the relative accuracy of the two methods of measurement. The 
thickness of the tape was measured at intervals of 1 foot with a micrometer ealiper as 
follows : 

Distance (feet). Thickness {inches). 

0.0044 

1 0.0042 

2 0.0044 

3 0.0042 

4 0.0042 

5 0.0044 

Average 0.00428 

The pulley was carefully calipered on five different diameters by three individoals 
with almost identical results, as follows : 

Number. Diameter (inches), 

1 16.046 

2 16.044 

3 16.052 

4 10.052 

5 1G.046 

*» 

Average 10.048 



Pape meE^ll^e1Ill^Dt. iocbes 

Corrected lueaeuremeat. tnclies 

Dtameter bj tape measureiaeat. IdcIk 
Average tbick Dew of tape, iucbes. . . 
Corrected diameter bj tape. Incbel. . 
ter as cstipered. inclieH 



The drcumrerenee v 

mdard rate, as follang 
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I tlien lueaaurvd witli tlie ateel tape and corrected hy the 



S0.42S 
50.428 
16.05170 



The surface of the pulley i 
t ibe preBBDoe of water on %\ 
ling. 



[hen wetted and the tape meaBuremeDt repealed, 
irface did not appear to make any illfFerencft ia the 



The head pumped against was found by four different methods and tbe duty figured 
geparBlelj (or eacb, the resulta being given In the table of pump performance. The 
ialj of this pumping engine, as slated and understood by the contract, Is the number of 
^t-pounds of work done in the water cvllnders by 100 pounds of coal as burned under 
" ) boiler. In calculating tbe duty of a pumping engine from presanres found by 
ugea. or by gauge and measurement, it la cualomary to add a certain amount for frlc- 
u of valves and water passageH. More or leas uncerlalnty uecesaarily allends this 
lumptlnn, as the friction varies greatly in different ciasaea of pumpa. The preiaure 
foand by indicators attached to the water cylinders includes the friction of valves and 
water passages, and is tbe most correct measure o( the work done In the water 
cylinders. 

■ Tlie duty performance of this engine as found by half-hourly Indicator cards from 
ttlfl pump cylinders is then the proper duty, and is that which was |;lven In the pretjm- 
liwry report. Its corrected value is 102.a8B.Til foot-pounds, which Is in eicesa of the 
eontrsct retjuirement of B5.000,00ll by 7,380.741 foot-pounds, or T.flT.1 per cent, 
f The other duties which are given in the table do not Include any allowance for 
friction whatever, and are a correct measure of the net or useful work done by the 
. There is a very fair agreement In the duties as found by the indicators and by 
the gauges on the pressure and suction mains. The duly found by the gauge on engine 
•nd Snat should be slightly less than either of the others, ns it does not iuclada the 
friclional resiatance of the suction main, or of a sharp turn in the pressure main. The 
Bauge pipe was connected to the pressure main about 20 feet from the engine, the gauge 
itielf being above the Hteam cylinders, so that the connecting pips was about SO feet 
lotig. It is possible, and perhaps probable, that a slight constant error was made in 
nad lag this gauge on account of its position. As the observer stood on the engine 
i^BItorm the gauge was about four feet to the front and left, and eight feet above the 
ijrlatform, Tlie position of tbe pointer was such lis lo give an apparent reading higher 
Ifaui Ibe trna reading. 

perfohmance of pumps. 




280 KALAMAZOO, MICH. 



Coctl Used: 

Total number of pounds charged to pumps 3.717.87 

Number of pounds charged to pumps per hour 147.24 

Combustible Used: 

Total number of pounds charged to pumps 8.463.50 

Number of pounds charged to pumps per hour 137.09 

Water Pressures by Gauge on Engine and Float ; average per square inch : 

By gauge, pounds 89.774 

Distance of float below datum, feet 18.547 

Distance of datum below gauge on engine, feet 18.000 

Distance of float below gauge on engine, feet 86.547 

Pressure equivalent to distance of float below gauge on engine, pounds. 15.834 

Total head pumped against, pounds 55. 60S 

Total head pumped against, feet 128.348 

Reduced to center of plunger displacement : 

Force main, pounds 48.842 

Suction main, pounds 6 766 

Total head pumped against, pounds 55.608 

Total head pumped against, feet 128.343 

Water Pressures^ by Gauges, in Mains near Pumps ; average per square inch 
reduced to center of plunger displacement : 

Force main, pounds 47.390 

Suction main, inches — 13.55; pounds 6.648 



Total head pumped against, pounds 54.033 

Total head pumped against, feet 124 . 708 

Water Pressures, by Indicators, in Mains near Pumps; average, pounds per 
square inch reduced to center of plunger displacement: 

Force main, H. P. stroke 46.456 

Force main, L. P. stroke 46. 107 

Force main, average of both strokes 46.281 

{Suction main, H. P. stroke 7.440 

Suction main, L. P. stroke 7.786 

Suction main, average of both strokes 7.613 



Total bead pumped against from averages, pounds 53.894 

Total head pumped against from averages, feet 124.387 

Water Pressures, by Indicators, in Pump Cylinders ; average, pounds per 
square inch reduced to center of plunger displacement : 

H. P. discharge 50.535 

H. P. auction 8.312 



Total head pumped against in H. P. cylinder 58.847 

L. P. discharge 50. 124 

L. P. suction 9.158 



Total head pumped against in L. P. cylinder 59.282 
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WtUer Preuurei, by Indicators, in Pump Cylinden; average, pounds per 
square inch reduced to center of plunger displacement : 

Total bead pumped against, average of both cylinders 59.064 

Total head pumped against, average of both cylinders, feet 130.82 

Temperature of water pumped, average, degrees Fah. 50.6 

Weight of one gallon at 50.5 Fah., pounds 8.342 

Jievolutians : 

Total number 40,921 . 

Average number per hour 1,620.634 

Average number per minute 27.01 

Plunger Speeds; average, feet per minute : 

H. P. pump 135.414 

L. P. pump 134.991 

Average of both plungers 185.202 

Velocity of Flow ; feet per second : 

In suction and discharge mains 8.608 

Through valve seats 5 .882 

Through cylindrical openings under valve face when open 6.176 

Water pumped ; in cubic feet : 

ToUl number by H. P. pump 228,753.8 

ToUl number by L. P. pump 228,381 .0 

Total numlier by both pumps 447,134 . 8 

Number per hour by H. P. pump 8,861 .54 

Number per hour by L. P. pump 8,846.77 

Number per hour by both pumps 17,708.31 

Water Pumped; in U. S. standard gallons : 

Total number by H. P. pump. . .# 1,673,794.0 

ToUl number by L. P. pump 1,671,006.0 

ToUl number by both pumps 8,344.800. 

Number per hour by H. P. pump 66^88.90 

Number per hour by L. P. pump 66,178.46 

Number per hour by both pumps 132,467.36 

Capacity per day; in U. S. standard gallons : 

Number at plunger speed during the test, 135.202 feet per minute. . 3,179,216.0 

Number at contract plunger speed of 135 feet per miuute 3.174,466.0 

Contract requirement 3,000,000.0 

Number in excess of contract requirement 174,466.0 

PercenUge of excess over contract requirement 5.815 

Total Effective Pressures against Plunger by Indicators oft Water 
Cylinders ; pounds . 

H. P. plunger 18,484. 17 

L. P. plunger 18,648.07 

Average of both plungers 18,506. 12 

H. P. discharge and L. P. suction 18,754.45 

L. P. discharge and H. P. suction 18,377.79 

Average of both plungers 18.566. 12 
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Work ; foot-pounds : 

By gauge on engine and float, total 3,580,925,628.0 

By gauges on mains near pumps, total 3,479,505,760.0 

By indicators on mains near pumps, total 3,470,548,800.0 

By Indicators on Pump Cylinders: 

Total by H. P. pump. 1396.082,969.0 

Total by L. P. pump 1.906,910,667.0 

Total by both pumps 8,802,999.636.0 

Number per minute by H. P. pump ^ 1,251.539.4 

Number per minute by L. P. pump 1,258,690.6 

Number per minute by both pumps 2,510,230.0 

Indicated horse-power of H. P. pump 37.925 

Indicated horse-power of L. P. pump 38.142 

Indicated horse-power of both pumps 76.067 

Economic Results: 

* Duty by gauge on engine and float, no allowance being made for 

friction of water passages 96,316,587.0 

Duty by gauges on mains near pumps, no allowance being made 

for friction of water passages 93,588,660.0 

Duty by indicators on mains near pumps, no allowance being 

made for friction of water passages 93,347,744.0 

Duty by indicators on pump cylinders 102,289,741.0 

Contract requirement 95,000.000.0 

Number in excess of contract requirement 7,289,741 .0 

Percentage of excess over contract requirement 7.673 

Number of pounds of steam per net horse-power per hour 20.752 

Number of pounds of coal per net horse-power per hour 1 .9356 

Number of pounds of combustible per net horse-power per hour. 1 .8i022 

Friction of Engine: 

Indicated horse-powers in steam cylinders 80.345 

Indicated horse-powers in pump cylinders 76.067 

Frictional horse-power 4.278 

Percentage of friction 5.324 



FIRE TEST. 

The tests for Are service were made on January 8th, in the evening, so as to interfere 
as little as possible with the elevator service. No length of time was specified for tbe 
test to continue. The test was understood to be for the purpose of determining 
whether the pumps were capable of withstanding easily and safely the severe stresses 
incident to fire service. For this purpose it was necessary to continue the test only 
long enough to become satisfied that the required work was being performed, and that 
there were no signs of weakness in any part of the machinery. 



* Duty = number of foot pounds per 100 lbs. coal. 
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The contract required tliM the eo^ine pump Kt llie rate of 3,000.000 gallons per 
lUy agnlDst a Load of 185 poands per square inch, at a piston apeed of 135 feat 
per miriute. 

Four abort leata were nude, eaclt under different conditions. Thefirat was a prelim- 
inary lest, and tlia last was made ut (lie request of the SupurinteDdeut, Mr. Cliandler. tu 
dettrmine tLe ca[«citf i>( tiie engine when woriting compound. 

The counter, steam pressure at engioe. water preasure al engine, and vacuuiu, were 
taJcen ererf mlnate ; and the floHt iu the well, at the begiuulng, in the middle, and at 
the end of the test. 

In fire service the cut-off Ik diBconnecled and steam allowed to follow full strobe in 
tbe hIgh-preHBure cylinder, tlie speed of the engiue being controlled hy the throttle. 
The bigb-preaaure uvlindor is provided with a It^-inch by-pass connecting the two 
ends of the cylinder eo as to admit live steam directly Into the tow. pressure cylinder. 
This enables the engineer to Increme the power of the engine sii as to pump against 
sneh preannre as may be required in lire servioe. 

Id the first leat. the by-paas valve was about one-([uarter open, perhaps less, and 
tbe discbarge pipe to the city was wide open. The average alenm pressure was TS.03, 
and the pressure against the pumps was 107.(Il), [lounds per square Inch, the piston speed 
being 158.335 feet per minute. It soon becaine evident that without a considerable 
increaae of speed, the water preaeure could not be raised to 12.1 pounds per aqnare inch 
nnlesE the discharge pipe was ihrotik-d. The gate just outside the pump house was 
accordingly closed parEiallT, 

In the second teat tbe hj-paas valve was wide open, the throttle. valve about one. 
quarter open, and the discharge main partially closed. Tbe average sleum pressure 
was 60.1, and the pressure ugalnst the pumps wns 12^.60, pound* per flquare inch. 
tbe pistou speed being 154 feet per minute. At the blgb piston apeeda of this 
and tlie first test tbe pumps worked smoothly, but with a marked slamming of the 
pump valves. 



Id the third lest the discbarge main was closed still more, so ae to red 


ce the piston 


■jieed and at the same time Increase tbe pressure. The bypass valve w 


as wide open. 


and the tbrollle-valve about two-thirds open until near the end. when 


t was opened 


wide as lbBtteau> pressure fell. The steam pressure, and the pressure pu 


mped aRainst, 


were maintained almost constant. The Bverage steam pressure was 72.8, 


nd the press- 



nre against the pumps 132.05, jiounds per square inch.the pistou speed beiug 13!). 75 feet 
pet minute. The engine worked very smoothly, and It was evident that tbe test could 
have been continued for any reasonable length of time, and even at a higher presaure 
against the pumps. 

In the fourth lest the hye-paaa Valve waa closed and the engine was operated ae n 
plain compound engine, with throttle wide open, the steam following full stroke in the 
Wgli pressure cylinder. The average steam pressure waa 78.3, and the pressure 
•galnat tbe pnmpe I24.S9, pounds jier square incb. the piston speed being 180.1 feet per 
minute. 

Tbla result is very gratifying, as It shows that without using the by-pass valve the 
engine ia capable of fnllilliDg the contract requirements very nearly, even at a rfduced 
steam pressure. It is more than probable that with a steam presanre of 75 pounds per 
square Inch, or slightly above, the full pressure of 135 pounds per squar* inch a^iust 
the pamps and the full piston speed of 13S feet per minute could be realiied, Tbe tah- 
nlated rMulta of tbe four tests are a^ follows : 



BESCr.TS OF FIRE TESTS MADE JANCABY 8, 1801. 



Teat bpgaa, p. ic 

Teat ended 

DurntioD of lent, luiotttei 

ToUl uuinber of revolutioDB ■ 

Number of revolutions per luiii. , 

Piston speed per minute, feet 

Bteim presaure at engine, pouodi 

per aquareincli 

Vacuum in condenBer. inches 

Water level in well by Boat, feet. 
Elevation of gauge on engine, 

feat 

Water level in well below gauge 

on engine, feet 

Water level in well below gauge 

on engine, pounds 

Water pressure In prosaure main, 

pounds 

Friction of pump valves and 

pasaages, pounds 

Total pressure pumped against, 

pounds 

Contract requirement, pounds . . , 
Percentage in axuess of, or less 

tban, contmct requirement . . . 
Capacity per day, t), S. gallona . . 
Contract requirement, gallons . . . 
Perceatage in excess of contract 



T3.03 
23. OH 
I8.» 



4.23 
10T.66 



(--) 13.87 
3,r33,B.W. 
3,000,000, 



s 


3 


4 


a 


1 


.|1 

lii 


111 


IJ 


0.25 
8.3-1 

10. 
808. 

30.8 
IM. 


9.4S 

10. a; 

20. 
65D. 

37.95 
139. 75 


10. S3 
10.83 
10. 
381. 
26.1 
130.5 


68.7 

in.Tr. 
le.oa 


72,8 
20.05 

le.aij 


73.3 
S4.H> 
18.25 


18.00 


18.00;' 


18.00 


36.93 


36.6:3 


88.35 


10.00 


15.87 


15.71 


108. no 


111.05 


104.95 


4.23 


4.23 


4.33 


128.73 

135. 


133.05 
125. 


is4.sa 

125. 


2.084 
021,143. 
000.000. 


5,04 
8,888,070. 
8.000,000- 


3,ofeM8: 
8.OO0.O00. 


20.70 


0-53 


2.38 



FRICTION OF PUMP VALVES AND WATER PASSAGES. 



lump Is not often obtained in 
ecure tfae requisite data. In 
lo tliat it was very convenient 



The friction of Ibe valves and the i 
a pumping engine test, as It is not usually c< 
this lest, liowever, suitable arrangements had been u 
lo attach the necessary instruments and to secure the data. 

The importance of knowing what the friction is in a pump teat becomes apparent 
in considering the error that may creep into the computation for duty, especially whes 
the head against which the pump works is small. It is usual to find this head by meaai 
of gauges on the pressure and suction mains, or by a gauge on the pressure main aod 
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by nie«auriog from the center of tbis gange to (be level ot tlie wal«r trom wliich th» 
Bupply Islakea. To the liead tbas oblained a curtalo quantily is idded (or friction of 
pump v&lves H.Dd water pHswges. giving a total head wliicli is URed for tlie duty com- 
pulstion. Tbe amount added tor friction in generall; one pound, unless Kpec^iRed or 
olherwiae anderalood, Ab a mailer of fact the friction la uBuftUy much greater tban 
line pound, reaching even thirteen pounds and more in certain recorded instances. 

Hai the totul head against the pumps In this test been found by adding one poand 
la tbe head as given b; the gauges on the pressure and auetinn mains, the duty would 
have been DS,3t3.5S0 foot-pouads, instead of 103,389,741 as actuallj fouod In the pump 
L-jlinders. The error amounts to 8.83 per cent. 

It is not to be inferred that the friction of these pumps is unuiusll; high, On the 
eootmry. it Is what might reasonably be eipeoted, considering thai the piston speed is 
above the normal. It is probable that, as pumps go, the frictluii will he found greater 
laslead ot less than tbe friction In these pumps, in many cases two or tliree times as 
greai. 

In numerous cases on record where the utmost care lias been taken in reading the 
gaoges and in measuring the distance to the water level of the supply, the renults may- 
he many per cent, in error, owing to the questionable practice of adding " one pound for 
fricllOD of valves and water passages." 

In detennining the friction of pumps it fa Beeessary, especially where the speed 
varies as In a direct pumping system, to talvo observations siiuultancousiy. In the duty 
(est (he cards and readings bIwuI the putiips were talten by a single observer, and 
a minute or two necessarily elapsed brtween the first aiid Inst readingf, during 
which both the speed of the pumps and the prrasure in the mains might have varied 
considerably. The data thus obtained was not sutHcient to admit of aeparaiiiig the 
friction of the suction valves from that of ihe discharge valves. The friction, there- 
fore, as given by the duty teat, is the average total friction (or each pump, and ths 
average total friction for both. 

An opportunity presenting Itself, new series of cards and observations were taken on 
April Sd, with special reference to deiermining the friction of (he suction and discharge 
valves separately, la this test the Cards were taken simultaneously from the pump 
cylinders and msins close to the piimps. Special care waa token to Iceep the iudicatora 
free from dirt and grit. Cards were never taken until the speed of the engine was uni- 
form, and then revDlution.s were counted with a stop- watch reading to fifths of a second. 
L'sually five whole mvolutioiiH were counted, and the time recoided. If there was the 
least evidence of change of speed the observations were repealed. 

Two Tabor Indicators were used on the water cylinders, a O0-])ound spring in one, 
and a lO-pound special suction spring in the other. Two Thompson Indicators were 
used on the taains. a 4fl pound spring in one, and a lOpound special suction spring in 
the other. The suction cards were taken eiaciiy together, the pencil being applied at 
the beginning and removed at the end of llie stroke : and the pressure cards in the 
same way. Three sets of cards were lalien, and then tlie springs were Interchanged 
on tbe water crllnders, and three more sets taken. This was done for the ordinary 
working speed of tlie pumps. 18 to 10 revolutions per minute, and also for a speed of 
from 86 to 27 revolutions per minute. 

Tbe Indicator springs were very carefully tested at Ihe temperatures at which they 
were used, at the Mechanical Laboratory of the University of Michigan, A special 
weighing device was made use of for that purpose, with which It waa possible to secure 
very great aiccuracy. The diagrams were worked up by means of three dUTerenl plani- 
metera which iiad also buen tested (or accuracy. No pains have been spared to obtain 
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the most reliable resalts. That thejr are so concordant warrants the hope that tber will 
be found of more than passing interest, and of value to the engineering profession. 

In securing the data for the tables which follow, the time and the revolutions were 
taken by Mr. <t. E. Balch, the indicator cards from the pump cylinders, bv Mr. M. C. 
Taft, and those from the mains, by the writer. 

DIMENSIONS OF PUMPS AND WATER PASSAGES. 

HighrPreuure Plunger: 

Stroke, actual, inches 30.081 

Diameter, actual, inchea 19.99S 

Stroke displacement, cubic feet 5.4679 

LouhPresMure Plunger : 

Stroke, actual, inches 29.9S7 

Diameter, actual, inches 20.013 

Stroke displacement, cubic feet 5.458>* 

Valret : 

Style, brass with rubber face •• Troy." 

Number In each set 91 . 

IMameter of rubber valve disc, inches 1 .75 

Thickness of rublwr valve disc, inches 0.5625 

Weight of one valve, pounds 0.5412 

piameter of clear opening in seat, inches 1 .3125 

Lift of valve. Inches 0.3125 

Ax«s of rubber valve disc, square inches 2.4a5 

Area of dear opening in one valve seat, square inches 1 . 35;^ 

Aw* of cvlindrical opening under one valve face when open, sq. inches. 1 .2^*6 

Total aiee through valve seats in one set, square inches 123. 12 

Trtsl aiee thivngh valve seats in one set, square feet 0.855 

•^mal aiee Tinder valve face, when open, in one set, square inches 1 17.26 

•^c«ai awa nader valve face, when open, in one set, square feet 0.^*148 

^ar rf gn*^ ^^* *^* ^^ plunger area 0.391 

^ar irf !«■■« ▼**^* '^^^ *® plunger area 0.341 

— , ^ ooe valve per square inch of opening in seat, pounds 0.400 

^^^. . ^ ^^gf valve per sq. inch of area of bottom of rubber disc, lbs. 0.225 



4«f 




t 



nain at pump, inches 16.0 

main at pump, inches 16.0 

«aia,eq»ftre inches 201 .06 

equare feet 1 .:^jC 



..lirjii: rRM nUTY TEST OF JANUARY 6 AND 7. 1891. 

by indicator on pump cylinders, pounds. 58.S47 

ittixteHng H. P. discharge, by indicator, pounds. 46.456 
H. P. .suction. l>y indicators, pounds. 7.440 
by indicators on mains, i>ound8 53 896 

.,.««?. •TiVW^I*'*"^** ^'^^^ 
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Low-PrtMure Pump: 

Total head pumped against, by indicator on pamp cylinders, pounds. 
Pressure in force main during L. P. discharge, by indicator, pounds. 46.107 
Pressure in suction main during L. P. suction, by indicator, pounds. 7.786 
Total head pumped against, by indicators on mains, pounds 

Total friction of L. P. pump, pounds 

Average friction of both pumps, pounds 

By Oauges: 

Average total head pumped against, by indicators on pump cylinders, 

pounds 

Average pressure in force main, by gauge, pounds 47.890 

Average pressure in suction main, by gauge, pounds 6.648 

Average total head pumped against, by gauges, pounds 

Average total friction of pumps, pounds 

Velocity of Flow ; feet per second : 

In suction and discharge mains 

Through valve seats 

Through passage under valve face, when open 



59.282 



53.893 

5.889 
6.17 



59.064 



64.088 
5.031 

8.608 
5.882 
6.176 



FRICTION TEST OF APRIL 2, 1891. 



LOW SPEED SERIES. 



r, . ♦.!,«« < Suction main and H. P. suction ) ♦^^^♦i,^. 

Cards taken j pressure main and L. P. discharge [ ^^S^^^^^- 







RFV^OLUTIONS. 




NuMBXR or 
Obsbbtation. 


NUMBBR 
COUSTKO. 


Suction. Discb 


[AROB. 




Time, Seconds. 


Revolutions 
per If innte. 


1 
Time, Seconds. 


Revolutions 
per Mlnate. 


1 

2 
8 

• 


5 
6 

6 
6 


15.4 
15.2 
19.6 

• • • • 


19.48 
19.74 
18.87 


16.0 
15.4 

• • • • 

16.4 


18.75 
19.48 

i8!29 


Averages. . 




1 19.20 




18 84 




Cards taken - 


i Suction main and L. P. suction ) ♦^„^*i»^, 
1 Pressure main and H. P. discharge ] ^S^^^^^ 


1 
• 


4 
5 
6 

7 
8 


5 
5 
5 
5 
5 


15.8 
16.2 
15.8 
15.2 

15.4 


18.99 
18.52 
18.99 
19.74 
19.48 


17.8 
16.2 
16.6 
16.8 
15.4 


16.85 
18.62 
18.07 
17.86 
19.48 


Aversfires. . 






19.14 




18.16 
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LOW SPEED SERIES. 

MEAN BPFBCTXYB PRB88URB8 BELOW ATM08PDBRB FROM SUCTION CARD6. 



numbbb of 
Obssrvation. 



H. p. FlTMP 
CrLINDBR. 



1 

2 
3 



Averages . . . . 
Correction for 

position . . . . 
Corrected 

averages . . . . 



Obserred. Corrected. 



L. P. Pump 
Ctlindbr. 



6.89 
6.49 
6.71 



6.74 
6.34 
6.56 



6.547 
0.713 
5.834 



Obsenred. Corrected. 



SucnoM Maik. 



DlPFBBBBCn. 



Ol>senred. 



4 
5 
6 
7 

8 



Averages 

Correction for 

position 

Corrected 

averages: . . . 



7.37 
6.91 
7.04 
7.05 
6.83 



7.22 
6.76 
6.80 
6.00 
6.68 

6.89 

0.713 

G.177 



3.77 
3.53 
3.82 



Corrected. 



3.69 
3.45 
3.74 

3.627 
0.442 
4.069 



HP. 


L.P. 


3.05 
2.89 
2.82 


• • • ■ • • 


2.92 

1.155 

1.765 


« • • • • • • 



4.53 


4.45 


- • ■ - • ■ • • 


2.77 


4.51 


4.43 




2.33 


4.12 


4.04 




2.85 


4.30 


4.22 




2.68 


4.27 


4.19 




2.49 




4.266 




2.624 




0.442 




1.155 




4.708 




1.469 



MEAN EFFEGTIYS PRESSURES ABOVE ATMOSPHERE FROM DISCHARGE CARDS. 



NUXBBB OP 

Obsbbtation. 



H. P. Pump 
Ctukder. 



L. P. Pump 
Ctukdbr. 



Obfterved. Corrected. Ob«enred. Corrected. Observed 



1 
2 
3 



48.30 
49.68 
48.54 



49.30 
50.68 
49.54 



averages. 



Averages | i j 49.84 ■■ 

Correction for 

position ' 0.713 

Corrected 



1 50.553 



DiecHABOB Maim. 


DlPPBRBMCSS. 


Observed 


Corrected. 


H. P. 


L.P. 


47.76 
50.88 
49.64 


46.88 
50.00 
48.76 




2.42 
0.68 
0.78 




48.547 
0.325 

48.873 




1.293 
0.888 
1.681 





4 


* 
48.54 


i 49.54 




5 


47.46 


4S.46 




6 


46.38 


47.38 






51.30 


52.30 




8 


50.64 


51.64 



Averages ! 49.S64 

Correction for j 

position....' 0.713 

Corrected I 

averages ! 50 . 577 







48.28 
47.44 
46.00 
51.20 
50.56 


47.40 
46.56 
45.12 
50.32 
49 68 


2.14 
1.90 
2.26 
1.98 
1.96 




I 
















• • • • • • 








47.816 

0.325 

48.141 


2.048 
0.388 
2.486 
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Summary of Rbsults. 

High-PreuuT6 Suction: 

Average number of reTolations per minute 19.20 

Ayerage M. £. P. below atmosphere in pamp cylinder, poanda. 5.834 

Average M. £. P. below atmosphere in snction main, pounds 4 .069 

Ayerage friction, pounds 1 . 765 

Law-Presiure Suction: 

Ayerage number of revolutions per minute 19. 14 

Average M. E. P. below atmosphere in pump cylinder, pounds 6.177 

Average M. ES. P. below atmosphere in suction main, pounds 4 .708 

Average frietlon, pounds 1 . 469 

Average friction of fuction valves and passages, both pumps, pounds 1 .617 

ffigh-Preuure Diseharge: 

Average number of revolutions per minute 18. 156 

Average M. £. P. above atmosphere in pump cylinder, pounds ,. 50.557 

Average M. E. P. above atmosphere in force main, pounds 48.141 

Average friction, pounds 2 . 436 

Lau>-Presiure Discharge: 

Average number of revolutions per minute 18. 84 

Average M. E. P. above atmosphere in pump cylinder, pounds 50.553 

Average M. E. P. above atmosphere in force main, pounds 48.872 

Average friction, pounds 1 .681 

Average friction of discharge valves and passages, both pumps, pounds . . 2.058 

Total Average Friction: 

High pressure pump, pounds 4.201 

Low preasure pump, pounds 8. 150 

Both pumps, pounds 8.675 



HIGH SPEED SERIES. 



C«ds taken j |°„«rreTLin"ndVp.^"^^^^^^ \ »»««''''- 





REVOLUTIONS. 


numbbb ow 
Obbbkvatiok. 


NUMBBR 
COUHTED. 


Suction. 


DiSCHAKQB. 




Time, Seconds. 


Revolutions 
per Minote. 


Time, Seconds. 


Revolntlons 
per Minute. 


1 

2 
8 


5 
5 
5 


11.2 
10.8 
11.4 


26.78 
27.78 
26.32 


11.4 
11.4 
11.2 


26.82 
26.32 
26.78 


Averaires. . 






26.96 




26.47 
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HIGH SPEED SERIES. 



Cards taken 



Suction main and L. P. saction 
Preosure main and H. P. discharge 



>• together. 









RBV0LUT10N8 


• 




NuMBXB or 
Observation. 


NUWBBB 
COUWTKD. 


Suction. 


DXKHABOB. 




Time, Seconds. 


Beyolutions 
per Minnte. 


Time, Seconds. 


RevolatioBi 
per Mlnote. 


4 
5 
6 


5 
5 
5 


11.0 
11.6 
11.4 


27.27 
25.86 
26.82 


11.0 
11.2 
11.2 


27.27 
26.78 
26.78 


Averages. . 






26.48 




26.94 



MEAN BFFBCTIYB FRE8SURB8 BELOW ATMOSPHERE FROM SUCTION CARDS. 



NuMBBB or 


H. P. Pump 
Cyliudbr. 


L. P. Pump 
Ctlimdbr. 


Suction Main. 


DlFFXRIMCIt. 


Obsbryatiom. 


Observed. 


Corrected. 


Observed. 


Corrected. 


Observed. 


Corrected. 


H. P. 


LP. 


1 


9.25 
8.96 
7.95 


9.10 

8.81 
7.80 






5.75 
6.11 
5.09 


5.67 
6 08 
5.01 


3.48 

2.78 
2.79 




2 








8 
















Averages 




8.57 

0.718 

7.867 








5.67 

0.442 

6.012 


8.00 

1.155 

1.845 




Correction for 
i>osition .... 












C-orrected 
averages. . . . 








• • • • • • • 





4 
5 
6 



Averages 

Correction for 

position . . . . 
Corrected 

averages. . . . 



8.25 
8.06 
8.88 



8.10 
7.91 
8.18 



8.068 
0.718 
7.850 



5.27 
5.19 
5.45 



5.19 
5.11 
5.87 



5.228 
0.442 
5.666 



2.91 
2.80 
2.81 



2.840 
1.155 
1.685 
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HIGH SPEED SERIES. 



KBA.N BFFBCTIVB PRBSSURBS ABOVB ATM08PHBRB FROM DI8CHARGB CARDS. 



NUXBBB OT 


H. P. Pump 
Ctundbb. 


L. P. Pump 
Ctlikdkb. 


DlBCBABOB MaIH. 


DiPFXRBNCKS. 


Obssryatioh. 


Obsenred. 


Corrected. 


Obsenred. 


Corrected. 


Observed. 


Corrected. 


H. P. 


L. P. 


1 






47.58 
47.70 
47.46 


48.58 
48.70 
48.46 


47.88 
47.52 
48.08 


47.00 
46.64 
47.20 




1.58 


2 






2.06 


8 






1.26 










Averages 








48.58 
0.718 
49.298 




46.947 

0.825 

47.272 




1.688 


Correction for 
Dosition .... 








0.388 


Corrected 
averages. . . . 








2.021 



4 


49.44 
47.88 
50.04 


60.44 
48.88 
51.04 






49.12 

47.48 
49.28 


48.24 
46.60 
48.40 


2.20 
2.28 
2.64 




5 


• 






6 








Averages 




50.12 
0.713 
60.888 








47:747 

0.325 

48.072 


2.878 
2.761 




Correction for 
position .... 




• 








Corrected 
average. . . . 













Summary of Rbsults. 

Hig7i'PT€S9ure Suction: 

Average number of revolutions per minute 26.96 

Average M. E. P. below atmosphere in pump cylinder, pounds. 7.857 

Average M. E. P. below atmosphere in suction main, pounds 6.012 

Average friction, pounds 1 .845 

LoW'PreMure Suction : 

Average number of revolutions per minute 26.48 

Average M. E. P. below atmosphere in pump cylinder, pounds 7.350 

Average M. E. P. below atmosphere in suction main, pounds 5.665 

Average friction, pounds 1 .685 

Average friction of suction valves and passages, both pumps, pounds 1.765 

High-PrMsure Discha/rge : 

Average number of revolutions per midtlte 26.94 

Average M. E. P. above atmosphere in pump cylinder, pounds 50.833 

Average M. E. P. above atmosphere in force main, pounds 48.072 

Average friction, pounds 2.761 
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Low-Prenure DiscTiarge: 

Average namber of revolations per minate 26.47 

Average M. E. P. above atmoephere in pamp cylinder, pounds 49.293 

Average M. E. P. above atmosphere in force main, pounds 47.272 

Average friction, pounds 2.031 

Average friction of discliarge valves and passages, both pumps, pounds. . 2.S91 

Total Average Friction : 

High pressure pump, pounds 4.606 

Low pressure pump, pounds 8.706 

Both pumpp, pounds 4.156 



CX)NCLUSION. 

It remains to be stated that the results of the several tests show the oontrtct 
requirements to have been exceeded in every case. 

In closing I desire to acknowledge the courtesy of the Committee on Fire and Water, 
Messrs. Stearns, Gleason and Cellem, of the Superintendent, Mr. Qeo. H. Chandler and 
his corps of able assistants, of the City Engineer, Mr. F. C. Balch and his assistant, 
and of the representatives of the Holly Manufacturing Company, Messrs. Parrott, 

Anderson and Elliott. 

» 

For the careful working of the large number of indicator cards, the compariaon of 
instruments, and for numerous independent and check computations I am indebted to 
Professor F. C. Wagner. I have the honor to remain. 

Yours very truly, 

M. E. COOLEY. 



COLUMIJUS, OHIO. 



REPORT OF ROUT. B. COLLIER, M. E.. and S. P. BUSH, M. E. 



coM'HBtiB, o,. July 23, lym. 

To the Honorable Board of Public TTot-As, Colun^mt. : 

(Jkhtlbmek— The undtirsigiieJ. appointed by joii to make eapadt}' nod duty teeta 
of tLe Dew 7,500,000- gal Ion Oaskill Triple EKpsuslon Pumping Engines at tlie Baat End 
Water Station, respecttully submit the following reporl : 

Tlie contract made with ihe Holly Manufacturing Coaipany requires tliera to rurniBh 
two pumping engines of tbe triple-elpaDsion type, capable ol delivering T/SOOJHN) gal- 
lons of watar per 3-1 Loars eacb, against a liead of ISS feet, eicluslve of friction in 
pumps and connecting pipes, at a piston speed of 13^ feet per minuln; and to perfonii a 
duly of ISti.DOO.OOO fnot. pounds based on a consumption of 100 IliB. of coal and nn evap- 
oration of 10 11)9. of water per pound of coal from and at tlie temperature of tba feed 
water ; and to pump against a preseiare of 130 lbs. per square inch tor (ire service. 

METHOD OF CONDUCTIN<J TEST. 

The test wan made of ilie south engine, or No. iilS, on a IS-hour run, beginning M 
11.30 a.m., and concluding at D.:W I-. M.,July 2lBt. All readings were taken at intervals 
of one-half hour from all the attach meals, except tbe indicalor diagrams, which were 
taken every hour. 

The gaugei uaed were ai follows - 

One steam gauge on each of tbe two boileTS used, and one al the high pressure cylin. 
der ol the engine. One water gauge connected with the main. Otis vacuum gauge 
showing the vBCnnin in the condenser. A revolution eonnter. and one steam engine 
Indicator attached to each cylinder. 

The water levels from tbe surface of the water in the well to the center of the water 
pressure gauge were aaeerlained by means of a aleel tape and an euglneer's level. 

While no requiremenlB were specified as to tiie performance of Ihe boilers, the coal 
consumed (Hocking Valley) was properly weighed, so Ibal the evaporation of the boilers 
might be known wlteu using this kind of coal. 

The water fed to the boiler was run iuto a wooden tank having a capacity of about 
600 lbs., and was then run into another wooden tank having about the same capaciiy, 
from which it was fed to the boiler. The first tank was net on platform scales which 
had been properly adjusted. It should be here slated that none of the condensation 
from the steam jackets was u"pd for teed water, ihe feed being taken entirely from tbe 
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PRINCIPAL DIMENSIONS OF ENGINEg. 
Steam Cylinders: 

High Pressure 24 in. Diameter. 48 in. Stroke. 

Intennediate ; 38 in. Diameter. 48 In. Stroke. 

Low Pressure 61 in. Diameter. 48 in. Stroke. 

Pumps : 

Three (3), Single-acting Plunger, outside packed, 26 in. Diameter X 48 in. Stroke. 

WATER LEVELS IN BOILERS. 

Inches of Water in Qlass Tubes, 9.30 A. M.: 

Boilers No. 1. No. 3. 

Levels 2J^ in. 3 in. 

Inches of Water in Qlass Tabes, 9.30 p.m.: 

Boilers No. 1. No. 2. 

Levels 2 Ji in. 3 in. 

PERFORMANCE OF BOILERS. 

Average steam pressure, pounds 124.46 

Total coal weighed, pounds 7,935. 

Total ash weighed, pounds 1,000. 

Net combustible, pounds 6,985. 

Water evaporated at temperature of feed, pounds 52,204. 

Water evaporated per pound of coal, pounds 6.57 

Water evaporated per pound of combustible, pounds 7.53 

Temperature oi feed water, degrees (constant) 58. 

ENGINE ROOM READINGS. 

Initial. Final 

Steam gauge 122. 124. 

Water gauge 65. 65. 

Vacuum gauge 26. 26.75 

RESULTS FOR CAPACITY. 

Mean head pumped against, feet 213.40 

Counter, initial 355,986. 

Counter, final 367.627. 



Revolutions in 12 hours 11,641. 

Revolutions per minute 16.16 

Piston speed per minute, feet 129.28 

Displacement per revolution, gallons 330.96 

Number of gallons delivered in 12 hours 3 852,705. 

Capacity per 24 hours, gallons 7,705,410. 

From the above it may be observed that during the trial the engine made an average 
of 16.16 revolutions per minute, or a piston speed of 129.28 feet, and exceeded the con- 
tractors' guarantee by 205,000 gallons, or 2.73 %. 
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RESULTS FOB DUTY. 

Engine coanter, initial 855,986. 

Engine counter, final 867,627. 

Reyolations in 12 hoars 11,641 . 

ReTolntions per minute • 16. 16 

Piston speed per minute 129.28 

Mean head bj water pressure gauge, feet 151 .87 

Mean distance from center of water pressure gauge to level of water 

in well, feet ." 61 . 53 

Total head ezclusiTC of friction, feet 218.40 

Temperature of water in well, degrees F 52. 

Weight of one gallon of water, pounds 8.38 

Displacement per rcTolution, gallons 880.96 

Water at one stroke, pounds 2,756 . 89 

Total weight of water weighed to boiler, pounds 52,204. 

Duty (foot- pounds per 1,000 pounds of steam) 131,205,000. 

From the above it may be observed that the actual duty is 11,205,000 foot-pounds in 
excess of the guarantee, or 9.88 %. This does not take any account of friction in the 
supply pipe and connections, which is estimated to equal a head of one-half foot.* 



SUMMARY OF INDICATOR DIAGRAMS. 

Cylinders. M. E. P. H. P. 

High Pressure 51.67 91.04 

Intermediate 20.50 95.92 

Low pressure 11.06 126.97 

Water per horse-power per hour, pounds 18.85 

During the test one fire alarm came in at 12 o'clock, at which time the water pressure 
increased from 66 pounds to 69 poauds. At 12.07 p. m., the fire was declared out, and 
the water pressure resumed its normal condition. 

Careful examinations of the engine were made at intervals, and it was found to work 
smoothly, and without heating. 

Respectfully submitted, 

ROBT. B. COLLIER, 
S. P. BUSH. 



PORTLAND, OREGON. 

August, 1891. 



REPORT OF ISAAC W. SMITH, Supt. Citt Watbb Works. 



Office of thk City Water Works, 

Portland. August 10, 1891. 
The Water Committee, City of Portland, Oregon : 

Gentlemen — I submit the result of the duty test of the pump construeted by the 
Holly Manufacturing Company, guaranteed with 80 lbs. steam pressure and a piston 
speed not exceeding 100 feet per minute, to pump at the rate of 2,500,000 gallons in 
24 hours, agaiuKt a water pressure, including suction lift, of 127 feet, with a daty of 
80,000,000 foot pounds from the evaporation of 1,000 pounds of water. 

The water fed to boilers was weighed without deduction for leakage or steam used 
for other purposes tlian pumping. 

The water pumped was measured from the displacement of the plungers indicated 
by the revolution counters, without deduction for slip. 

With due allowance for leakage and slip the duty would probably have been in- 
creased from 2 to 4 per cent. 

The trial was from 9 A. M. to 9 P. M., August 8th, during which time careful records 
were taken at intervals of 15 minutes of counter, steam and vacuum gauges, and 
weight of water fed to boilers. 

Indicator diagrams for steam and water were also taken, and in this and all other 
respects, the performance of the machinery was uniformly satisfactory during the 
whole time of the test. 

SUMMARY OF OBSERVATIONS. 

Duration of test 12 hours. 

Average steam pressure on engine gauge 82 pounds. 

Vacuum (observed) 27^^ incbeR. 

Plungers, 15 inch diameter, 22 inch stroke, with 2^ inch rods. 

A — Displacement per revolution, 66.38 gallons = 558.14 pounds. 

B— Revolutions (30.48 per minute) in 12 hours 21,946 

C— Water pumped ( A X B) = 1,457.000 gallons = 12,139,210 pounds. 

Average pressure on gauge 51 .23 pounds = 118.84 feet. 

Height from surface in well to gauge. . : 17.83 feet. 

D — Water pressure including suction lift 135.67 feet. 

E— Foot pounds = CxD= 1,646,926,620 

F— Weight of water fed to boiler 15,706 pounds. 

G— Duty = f X 1.000 = 104,860,000 pounds. 

r 

Duty by contract 80,000,000 pounds. 

Excess over contract duty 24,860,000 

Cords of wood per 1,000,000 gallons 135.67 lift ^^5 

The water was fed to boiler cold, otherwise the cords per million gallons would 

have been less. Respectfully submitted, 

ISAAC W. SMITH, 

Superintendent City Water Works. 
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KEPORT OF TRACY LVOX. M. E.. and II. E. STEVENS, C. E. 



St. Paul. Minn., Aug. 14. 18fll, 
8. M. Caret, Esq., Prendtnt Dululh Oai and Water Co.. Bt. Paul. Minn. : 

DkaB Sib — In accntdtoce with jour inslructionB, the following report on the MD- 
ditioD, eapacUy and duly of the Q.OOO.OOO gnUoa Uaskill Pumpiog BngioH, )□ operation 
at the pDiopiog station or tho Duluth Ois and Water Co.. and on t1i« fulRllm^nt ol the 
contract undfir which the engioH wag furnished b; the H0II7 Manufacturlag Co. the 
manufacturers, as tar as its construction Is concerned, ia res poet full}' submitted. 
The eofclne was first cjirefullj eiamined and measuremento niBdn nf all its parla. 
The engine was found to fulHI] in arrangement. In the number of pKrtB. in the 
connections and valves, fittings and In dimensions, the requirements of the drawings 
and specifications of April 7th, ISftO, upon which the contract above referred to was 



The" Holly Hydrostatic Automatic Preaaure Kegnlator," to be used in amnectioo 
with the engine when pumping directly into the mnins, without the interveotloa of llie 
TrserTOtr, is in place and apparently comjjlete, but it has not been connected with the 
mains, or tested tor such direct service ; hut has been used only for convenience in 
regulating llie cut off In tlie high-presHure sleam cylinders. 

The only further exception to the fulfillment of the contract is in the lack of paint. 
the machinery having received only the priming coat applied at the shop. The engine 
•hould be painted without delay. Inasmuch as the studs of the water.cylinders are 
beginning to show evidence of wasting from the action of the water on lbs uopro- 
t«cted Iron, 

Tlie design, material and workmanship of the engine afe admirable, the only 
Apparent defect being in the rouglmessot the castings. This niughness end lack ot 
finish of the castings do not, however, detract in any way from the efficiency of the 

The engine, which was first turned over December 37th, 1890. began its regular 
pnmping service January ], mSI. running during the month of January, however, 
only from six 10 nine hours per day, part of the service being taken care of by the 
SfiOO.OCKi gallon Worthington Pump in the station. From the Srst of February (with 
(be exception of three days in that month) to date, the engine has performed tlie entire 
iHTvloe ol pumping uee«ssary for the City ot Dululh, having delivered, on hd average, 



mboul 3,000,000 gallonfl of nater per twenty.tour houra. Daring tLia ti: 

ol LnarB wlilch tlie eagiDs was run dailj, ranged from to 24, the matimaDi condii- 

uoua ran bein{( 06 liourB. 

Tliu actuB.) inatHrlal used for repairs during' tlie seven monthi that the engine liu 
been lu operation, has conaiHted onlj of a wrought iron band used to stop tlie l«>k*g¥ 
from the (ei-d-water liealer Until a new cover could arrive, and a Bteel p\u in the bottom 
of one of the air-pump plungers which bad lo he replaced, the cost of Ihia material not 
Bxaeedlng fil.OO. 

The present condition of the engine is exoellent. There does not seeta lo be a crack 
or ttaw In Buy part, and the engine as a whole runs smouthly and without undup beat- 
ing or nolaa. Tbia eicelleut cunditlou la due in a ver;^ large degree to the efficienc; 
and unremitting alteDtluo of the engineer In charge of the station. Ml. James Slai 



TEST. 



,n^ 






On August 6, 1891, the subacriberE met in Dululh Mr. Charles Anderson, who rsp- 
resented the Holly Manufacturing Co , of Lockport, N. Y,, the contractors, and arrange 
mentH were made for a capacity and duty test of the engine. Prevlnns to this date id 
engineer of the UoUy Mfg. Co. had lieen adjUBling and preparing the engine tar 
IblH leat. 

Following la an extract from the speGiGcatlona statiog the conditions and re<|uire- 
ments of the lest : 

'■Capacity.— The machinery above describi'd will be guaranteed lo be capable of 
lifting five million U. S. gallons of water per twenty-four bours, pump-plungpr dis- 
placement, Bgainst a head of 38S feet, at a piston speed not to exceed 120 feet per 
minute." 

" DcTT. — The engine will be guaranteed to perform a test-duty on a rnu of twenty- 
four hours, of 105,000.000 loot.pounda, when pumping at its rated capacity, agalnsl a 
static head of 385 feet, and the f rictional head in suction, pump and passages, and 3,760 
feet 20-inch cast iron pipe, ha.i«d upon an evaporation by the boilers of tenpoundsof 
water per pound of coal, from and at the temperature of the feed. water, with m slein- 
pressure of 05 pounds per square inch at the throttle valve, when running." 

It was agreed to take half-hourly observations at tlie counter, ateam, water and 
vacuum gauges on the engine, and the distance from tbu centur of the water-gauge 
lo the surface of the water in the pump-well, which was read by a Qoat>guage: 
this latter measurement varying from time to time by some seven inches, according to 
the level of the Iske. 

The feed. water for the boilers was taken directly from the force main Into a wooden 
tank capable of holding about 1,000 pounde, oti platform scales, weighed, aod run 
theooe into n second and lower tank, which was connected directly with the boiler 
pump, it being necussary lo use only one of the four boiler pumps connected with tlie 
engine. After leaving the pump, on Its way to the iwilers the water passed through a 
tubular beater, Into which was trapped the condensation from the live steam in tha 
Jackets before paaaiog into the hot-well. Ordinarily the feed-water is taken from ih( 
hot-well, but during the trial all communicatiun with ihe hot-well was cut off. The 
second tank was full at the beginning of the test, and was GIted to the same exient al 
the close of the teal, with water weighed and charged to the engine, the hour and 
minute at which this eecnnd tank was tilled each time being entered on the lo)c. 
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Inumnoh u the spMdficatloDH required the diiij to be bmaed upon an eTsporation bj 
llie boilers of ten poondH of water per poand of coal, or 1 ,000 pounds of steam Inatead 
of 100 pouods of coal, it wks not aecesaikry for tLe test of the engine to determine tlie 
efficieno; of tlio bollere. It seemed advisable, liowever, under the circumHlanceB, to do 
this, and arrangemeDtA were therefore made to weigh the coal burned, and tahe the 
temperature of the fead-waler at the boiler. Two hollers only, Nob. 8 and 4 of the 
batterj of four in the station, were used, aa they were amply HulBclent %o supply the 
eu^ne with sleam. The Gres were cleaned half an hour before tbe test began, and 
three times during the lest, the last time half an hour before tlie elme. The height of 
the water in Ihe gauge glasses, and the condition of the iirea were made as nearly as 
possible Ihe same at the end of the test as at the beginning. 

Coal used was a good qunllty of Mansfield (Ohio) slack, and was brought on the floor 
in 200-pound charges as needed, the time brought in being noted on the luj^. It was 
Bred as evenly aa possible, each furnace being Hred lightly at intervals of six to eight 

Halt-hourly observations were taken of the sleam gauges on the boilers and tbe 
temperature of the feed-water. This latlef obsorvaiion wae taken by means of a ther- 
mometer in a cup filled with oil set in the water pipe immediately brfore entering the 

The test was begun at 3 f. h. on Thursday. August 6th, and cantlnued until 3 p. m., 
Friday. August 7th, an uninterrupted period of 24 hours. 

The iDBuagement of the engine during the test was exclusively under the direction 
of the engineera of the Holly Manutocturing Co. 

The boilers were fired bj the regular firemen. 

No allowanees were made for the live steam used In the jackets, or for the work 
done by the boiler feed pump connected with the engine. 



GENERAL DESCRIPTION OF ENGINE. 



Diameter high presBure cylinders 84 

[leter low pressure cylinders 43 inehei. 

Diameter pump plungers li}i iitohei. 

Stroke of both steam pistons and pump plungers 3Q inchen. 

Diameter H. P. piston rods <i inches. 

aeter L. P. piston rods 3J^ inches. 

Diameter pump plunger rods , .. , 4 inches. 

Diameter fly-wheel 18 feel 6 inches. 

Number of air pumps, single acting 4 

Number of Imiler pumps 4 

Steam cylinders jacketed throughout, jackets fed with live steam from boilers, 

Jet condenser. 

Tabular heater, heated by jacket comlensation. 

Discharge of pumps per revolution 183.213 gallons. 

Percentage of slip in pump (assumed) 2. 

Net discharge of pumps per revolution 178.888 gallona. 
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The regular serrice of the engine consists in pumping from a well oonoecied with 
an in-take pipe running out into the lake, through 8,760 feet 20-inch east iron pipe into 
a reservoir of some 5,000,000 gallons capacity, the bottom of which is 260 feet 
above Lake Superior. During the test the height of water in the reservoir was kept 
as nearly uniform as possible by the use of a blow-off valve on the 20-ioch foree 
main, the average height being 18 feet, thus giving a total static head of 278 feet. 

GENERAL DESCRIPTION OF BOILERS. 

Numl»er of boilers (plain tubular) 2 

Diameter of shell 60 inches. 

Length of tubes 16 feet 6 inches. 

Number of tubes 78 

Diameter of tubes 8 inches. 

Diameter of domes 80 inches. 

Height of domes 80 inches. 

Fire grates, each 5x4 feet. 

Area grate surface 20 square feet. 

Total heating surface, each 1,065 square feet 

liatio of heating surface to grate surface 58.25 to 1. 

Boiler setting — Standard full front. 

Grates— Double ribbed '* Tupper." 

Boilers manufactured by Geo. F. Blake Manufacturing Co., 1888. 

MEANS AND TOTALS OF OBSERVED DATA. 

Duration of test, hours 24 

Number of observations .• 49 

Number of revolutions of engine in 24 hours 29,873 

Mean number of revolutions of engine per minute 20.898 

Mean piston speed per minute, feet 122 . 388 

Mean steam pressure at boilers, pounds 98.4 

Mean steam pressure at engine, pounds. . . 91 .9 

Mean vacuum, inches 26.6 

Mean pressure discharge main according to gauge in engine room, pounds. . 121.5 

Mean pressure discharge main according to gauge in engine room, feet .... 280.7 

Mean distance from center of gauge to level of water in pump well, feet. . . 24.6 

Allowance for friction in pumps (assumed), feet 2.81 

Total head against pumps, feet 807.61 

Mean temperature of water discharged, Fahr 61* 

Total amount of feed water to boilers, pounds 116,245 

Less 8^ ^ (assumed) for entrained water in steam, pounds 4,068 



Actual amount of water evaporated, pounds 112,177 

Total amount of coal consumed, pounds 16,478 

Percentage moisture in coal 5 

Total amount ashes and clinkers, pounds 1,664 

Percentage ashes and clinkers in coal 10.1 

Total amount of combustible, pounds 18.986 

Mean barometer, inches 29.96 

Mean temperature outside air, Fahr Tgo 
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BE8ULTS _ BNQIN E. 
Capacity. 



During the trial of 24 faoura the engine mode 39,3TS reTolatioDs, which gives for the 
pomps tn KCtnaJ capuitf UDder the trorkiog head, Etatio aod frictional, ot 807.61 feet 
(do allowance tor " slip " — or low of action due to the supposed imperfect filling of the 
pump chambers— belDft made) of 182.212 x 20373 = S,3S2.113 gallons per 2-1 hours ; 
or allowing 2 3 for slip, 5.346,070 gallons per 34 hours. The contractors' guarantee 
waa a deiiverf of 5,000,000 galluos ot water per 24 hours, pump plunger displacement, 
agaiUBt s Lead cif 2&3 tei^t (this head understood Co be autic), Bt a piston speed ot 130 
(eet per minute, or 30 revolutiouH per roinute. The svailiible Btalic head at the lime of 
tht lest waa 378 feet only (lacking 7 feel or at>out 8 pounds in pressure ot the speciSed 
hesd), the upper part of the reservoir not being entirely completed ; but the staam 
pressure carried at the engine was ool; 03 pounds instead of ti5 pounds as called tor In 
the speciQcationa and there ia no doubt wliatever of the sbilit; of the engine to pump 
sgainat the slipulsted static bead of 385 feet, or in fact a constderabl;^ greater one. 

The capacic/ under tlie contractors' guarantee (no allDwance being made in the con- 
tract (or slip) baaed on plunger displacement is as follows: 

At a pUtoti speed ot 130 feet per minute the engine would make 38,800 revolutlonn 
per 34 hoars. 

18'2.213 X 38,800 = .'i5^7.70,^ gtllonB. 

which is nearly 5 S in excess of the guarantee ; or. allowing 2 % for aUp, S,I42,761 gal- 
lona, which is nearly 8 S in excess ot the guarantee. 
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Dtjtt, 

Total number of g&lloni pumped during 34 honrs B,S(ffi418 

Weight of 1 gallon ot water at 62" Fahr 8.886 

Total head in feet - 307.61 

Tiial weight ot water weighed lo boilers, pounds 110,245 

6353,113 X 8.336 X 307.01 

^■"^ = no:245 

ie,0CI,733 foot-pounds per 1000 pounds teed-waler, or 13.061,733 foot-pounds in 
excess ot the guarantee, or nearly I3i^ %. 

Allowing 2 i for slip and Sij % for entrained water In steam: 
^ 5.245,070 X 8.339 X 307.61 

^'y = 112,177 

- Iie3e6;368 toot-pounds per 1000 pounds ot steam, or 14,896,358 fool-pounds in excess 
ot the gnarantee, or about 14 %. 
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BESULTS— BOILERS. 

Pounds of water evaporated per pound of coal from and at temperature 

of feed-water (mean 108.5«> F.) TbITB -'^-^V^^^^- 

Pounds of water evaporated per pound of coal from and at 212® 8. 12 pounds. 

Pounds of water evaporated per pound of combustible from and at tem- 
perature of feed-water ^,' = 8.81 pounds. 

lOfVoo 

Pounds of water evaporated per pound of combustible from and at 212^ . . . 58 pounds. 

A number of indicator cards from the high and low pressure cylinders were taken 
during the test, which showed an excellent distribution of the steam. 

At the close of the test the engine was examined and none of the bearings were 
found to be unduly hot. The cross-head and link- bearings nearest the steam end were 
quite warm — this being due in a greater or less degree to their absorption of heat from 
the steam — but the main crank-shaft, crank-pin and beam-bearings were cool. 

Appended hereto are the logs of the test. 

Very respectfully, 

(Signed) TRACY LYON, 

Mechanical Engineer. 

H. E. STEVENS, 

Qvil Engineer. 
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